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OU 7 Revised Draft IMDRA DD and Closure Plan 

Executive Summary 

The Operable Unit (OU) 7 Draft Phase I Interim Measurehterim Remedial Action 
(IM/IRA) Decision Document presents the proposed alternative for closure of OU 7 
Present Landfill As agreed to by the U S  Department of Energy (DOE) US 
Environmental Protection Agency (EPA), and Colorado Department of Public Health and 
Environment (CDPHE) the alternative implemented as the interim action will also 
comprise the final action for OU 7 41so as agreed to by the agencies this IM/IRA 
Decision Document in conjunction with the OU 7 Phase I Resource Conservation and 
Recovery Act (RCRA) Facility InvestigatiodRemedial Investigation (RFURI) Report 
constitutes the OU 7 Closure Plan Several other mamtenance and remedal actions are 
planned or have been implemented at OU 7, including implementing a leachate accelerated 
action disposing investigation-derived material in the landfill prior to closure, and 
abandoning groundwater-monitonng wells within the landfill 

OU 7 is located in the Rocky Flats buffer zone north of the industrial area and consists of 
four individual hazardous substance sites (MSSs) associated with histonc operation of the 
landfill The four MSSs include MSS 114 the Present Landfill MSS 203 Inactive 
Hazardous Waste Storage Area and MSSs 167 2 and 167 3 Spray Evaporation Areas 
The Present Landfill has operated primarily as a municipal waste facility for Rocky Flats 
since 1968 The landfill is used for office trash construction debns scrap metal dried 
sanitary sewage sludge and other waste Historically, the landfill has received incidental 
hazardous waste including contamers partially filled with pant or solvents oil filters and 
metal cuttings coated with hydraulic oil Waste codes were not assigned to these waste 
streams The MSSs associated with the landfill include an area southwest of the landfill 
(MSS 203) used in 1986 and 1987 as a hazardous waste storage area for drums of liquid 
and solid waste The other two MSSs are spray evaporation areas southeast of the landfill 
which received spray waters from the East Landfill Pond periodically between 1975 and 
1994 

This Phase I IM/IRA Decision Document summmzes the results from two separate field 
investigations at OU 7 and describes the nature and extent of contammation This 
information is used to quantify the risk to human health and the environment present at 
OU 7 Because OU 7 is being closed under a presumptive remedy approach a 
comprehensive baseline risk assessment was not necessary The presumptive remedy 
allows a comparison of all exposure pathways to the pathways that will be addressed by 
the presumptive remedy The analysis presented in this document concludes that the 
presumptive remedy, containment, will address several potential contaminant exposure 
pathways The presumptive remedy includes an engineered cap to contam the landfill 
waste and minirmze infiltration of water and leachate generation and rmgration It also 
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@ l  Introduction 

The Rocky Flats Environmental Technology Site is located in northern Jefferson 
County, Colorado approximately 16 mles northwest of Denver (Figure 1-1), and 
comprises approximately 6,550 acres of land in Sections 1 through 4 and 9 through 15 
of Townshp 2 South, Range 70 West, 6th Pnncipal Mendian Major buildings are 
located withm the industrral area whch encompasses approximately 400 acres (Figure 
1-2) The industrral area is surrounded by a buffer zone of approximately 6,150 acres 

Rocky Flats is a government-owned, contractor-operated facility in the nationwide 
nuclear weapons production complex The former rmssion at Rocky Flats was to 
produce components for nuclear weapons from plutonium, uranium, and non- 
radoactive matenals The current mssion is to manage wastes and matenals and to 
clean up and convert the Rocky Flats site to beneficial use in a manner that is safe, 
environmentally and socially responsible, physically secure, and cost effechve 

Ths report addresses inveshgahons at Operable Unit (OU) 7, which is located north of 
the industrral area on the western end of No Name Gulch and encompasses 
approximately 44 acres (Figure 1-2) OU 7 is one of 16 OUs at Rocky Flats Each OU 
is made up of a number of inQvidual hazardous substance sites (IHSSs) OU 7 
compnses the Present Landfill (MSS 114) Inactive Hazardous Waste Storage Area 
(IHSS 203), East Landfill Pond, Pond Area Spray Field (IHSS 167 2), and South Area 
Spray Field (IHSS 167 3) Figure 1-3 is a 1991 photograph that shows the landfill, 
pond, and adjacent spray evaporahon areas 

The prelimnary assessment performed under the U S Department of Energy (DOE) 
Environmental Restorahon program idenhfied some of the past onsite storage and 
disposal locations as potenhal sources of environmental contammahon (DOE 1986) 
Additional informahon regardmg hstoncal plant operahons, production activibes, past 
waste disposal prachces at Rocky Flats, and previous invesbgabons not h e c t l y  related 
to OU 7 are provided in the OU 7 Phase I Work Plan (DOE 1991a) 

Hazardous constituents have been released (42 USC 9601 lOl(22)) at Rocky Flats as a 
result of the production of nuclear weapons components, processing of radioactive 
substances, and fabncation of metals A two-phase process was developed to remove 
these constituents A Phase I Resource Conservation and Recovery Act (RCRA) 
facility investigationhemedial investlgatlon (RFI/RI) was conducted at OU 7 from 
November 1992 through Apnl 1993 to charactenze the site physical features describe 
contanant sources, and detemne the nature and extent of contammahon in soils 
resulting from such releases A Phase II RFI/RI was subsequently planned to 
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1 2  

(DOE 1991a), and it is included as an attachment to the IM/IRA DD The IMlIRA DD 
and the Proposed Plan wdl undergo a smgle public involvement program 

Orgamzation of Report 

The IM/IRA DD is lvided into 10 sections as follows 

Sechon 1 Introduction discusses the purpose and organizatlon of the report Other 
mamtenance or remedial achons at the Present Landfill are descnbed, and the project 
approach is presented 

Section 2 Site Characteristics descnbes the physical charactenshcs and operanonal 
history of OU 7,  descnbes site-specific geology, hydrology, and ecology, includmg 
sensitive habitats and endangered species, and summanzes the nature and extent of 
contarmnation in all media Information included in this sechon is from both the Phase 
I RFI/RI! (DOE 1994a) and the supplemental Phase I field invesbgaQon 

Section 3, Development of Remedial Acnon objechves to Reduce Site Risks outlines 
the prelimnary objectives of the remedial acnon, presents a conceptual site model for 
defining nsks, summanzes the results of focused nsk assessments for various 
environmental media, assesses compliance with applicable or relevant and appropnate 
requlrements (ARARs) and presents final remelal achon objechves (RAOs) 

Section 4, Idenhfication and Screening of Technologies, idenhfies and screens response 
acnons and technologies that satisfy the RAOs Screerung is based on an evaluation of 
effechveness, implementability and cost Favorable technologies are retamed for 
consideration in the development of alternatives 

Section 5, Development of Alternatives descnbes the general components of the 
alternatives developed, presents the alternatives, summanzes the results of the 
alternatives screen using effectiveness implementability, and cost, and presents the 
alternatives retained for detaded analysis 

Section 6, Detiled Analysis of Alternatives, presents an evaluahon of the remaning 
alternatives using the nine CERCLA cntena (overall protechon of human health and 
the environment, compliance with ARARs, long-term effechveness and permanence, 
reduction of toxicity, mobility and volume through treatment, short-term effectiveness, 
implementability, cost, regulatory agency acceptance, and community acceptance) and 
recommends the best alternative for final selection by CDPHE and EPA 

Section 7 ,  Recommended Alternatwe, descnbes the proposed actlon, outlines design 
requirements, presents the conceptual design for the proposed actron, and descnbes the 
process for developing the Title II design The conceptual design includes the proposed 
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1 3 1 Leachate Accelerated Achon 

The seep collection IM/IRA was implemented before closure as an accelerated action 
A passive seep collecbon and treatment system was constructed to elirmnate discharge 
of F039 contamed in groundwater from the seep to the East Landfill Pond (Figure 1-4) 
The acbon was proposed in the Molfied Passive Seep Collecbon and Treatment 
Proposed Action Memorandum (PAM) (DOE 1995a), whch was subrmtted to CDPHE 
and EPA on June 15, 1995 The PAM includes a descnption of the intercepbon and 
passive treatment components of the system and a conceptual design Leachate is 
intercepted with perforated pipe and directed to a tank conmmng carbon-based 
granular me la  that separates the F039 waste from seep water F039 waste is absorbed 
by the carbon-based media Treated water is lscharged lrectly to the East Landfill 
Pond The modified PAM was approved by CDPHE and EPA on June 27, 1995 
Operation of the system is planned to begin in early 1996 

1 3 2 Disposihon of Investigation-Derived Matenals 

All 237 drums of IDM from the Phase I RFI/RI at OU 7 will be returned to the landfill 
pnor to closure This action was proposed in an Apnl 28, 1995, letter from DOE to 
CDPHE and EPA (DOE 1995b) CDPHE and EPA approved the IDM proposal on 
October 3, 1995 (CDPHE 1995a) Disposal of 173 drums that contsun non-hazardous 
IDM was proposed in accordance with existing operating procedures (4-F99-ENV- 
OPS-F023 [RMRS 1995a1) Disposal of 64 drums that contam RCRA hazardous 
waste was proposed on the basis that the waste was designated as RCRA hazardous 
solely because it contams FO39 waste and the RCRA nsk analysis ratio is greater than 
one None of the 64 drums that contam hazardous waste have any other associated 
waste codes The RCRA nsk analysis evaluates exposure pathways, inclulng direct 
ingesQon of soil, dermal absorption of constituents from soil, inhalation of suspended 
soil, and ingeshon of food grown in contammated soil 

Because the Present Landfill is undergoing a RCRA-equivalent closure and the waste 
came drectly from charactenzation efforts at the landfill, DOE proposed returning the 
waste to the landfill before the cap is constructed By returning the RCRA hazardous 
waste IDM to the landfill, the RCRA and CERCLA constituents in the IDM will be 
controlled to the same extent as the waste already present After the landfill is capped, 
the soil pathway will no longer exist Disposihon of IDM in the landfill is protective of 
human health and the environment 

1 3 3 Well Abandonment 

Twenty-six of the 54 existing monitonng wells in OU 7 that are sampled quarterly as 
RCRA-compliance wells or sitewide groundwater-protection wells will be abandoned 
(Figure 1-4) Ths action was proposed in a January 13, 1995, letter from DOE to 
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Institubonal controls 
Landfill cap (RCRA Subbtle C equivalent) 
Landfill gas control (and treatment if needed) 
Leachate collecuon (and treatment if needed) 
Source area groundwater control 

The presumptive remedy lirmts the alternatives that require demled analysis to the 
components listed above Characterization of the waste matenal within the landfill is 
not necessary for selecting a response action Response actions selected for individual 
sites include only those components necessary based on site-specific conditions (EPA 
1993a) The contamment presumptive remedy addresses all pathways associated with 
the source 

Potentially affected me la  and exposure pathways outside the landfill are generally 
addressed separately However, a response action for potentially affected media and 
exposure pathways outside the source area will be selected together with the 
presumpuve remedy to develop a comprehensive response DOE, EPA, and CDPHE 
have agreed that the East Landfill Pond will be removed and the dam and pond 
sediments will be removed and consolidated in the landfill under the cap The pond 
will be removed to elirmnate potential flood hazards and long-term operation and 
mintenance costs The selments will be removed and consolidated to elirmnate 
potenhal ecological nsks For OU 7, therefore the remimng potentially affected 
me la  include the following 

Surface soils in spray evaporabon areas 
Subsurface geologic matenals downgradient of the landfill 
Groundwater downgradent of the landfill 

The nature and extent of contammation in potentially affected media is addressed in 
Section 2 A focused nsk evaluabon and an ARARs compamon for these media are 
presented in Section 3 

I 

' I )  
tpQ5 107 1 Okec 1 doc 1-7 29M 35 



I 

Y 

I 

- 
r 

! 

i -  

r 

1 



I 



I 

i 

i 

t 
i 

I 

! 

I 

e 

- =* 





OU 7 Revised Draft IMDM DD and Closure Plan 

2 1  

Site Charactenstws 

Sectlons 2 1 through 2 5 descnbe the physical charactenstics and operational hstory of 
OU 7 geology surface-water and groundwater hydrology, ecology, and nature and 
extent of contammation Much of the information in these sectlons is taken from the 
OU 7 Final Work Plan (DOE 1994a) 

Description and Operational Hlstory of OU 7 

OU 7 lies north of the induSt.mil area on the western end of No Name Gulch IHSSs 
and hstoncal intenm response actions are shown in Figure 2-1 OU 7 onginally 
included the Present Landfill (MSS 114), Inacbve Hazardous Waste Storage Area 
(MSS 203), and asbestos-lsposal areas In 1991 the boundary of OU 7 was modified 
to include the East Landfill Pond and adjacent spray evaporabon areas (IHSSs 167 2 
and 167 3) previously included in OZ: 6 The locatlons of these MSSs were changed 
based on lustoncal research, including a review of files and photographs from the 
Rocky Flats repository and employee interviews conducted for the hstoncal release 
report (DOE 1992a) After the locatlons were changed, the IHSSs were transferred 
from OU 6 to OU 7 

Several other OU 6 MSSs are also located w i h n  the No Name Gulch dramage area 
including trenches A, B, and C (MSSs 166 1 166 2 and 166 3 respectively) and a 
spray evaporation area (IHSS 167 1) In addition, a surface-water &version system 
groundwater-intercept system, and leachate-collecbon trench, whch are hstoncal 
intenm actlons lie withm OU 7 Historical data used to descnbe OU 7 were compiled 
from previous landfill invesbgations (Rockwell Intematlonal 1988a, Rockwell 
International 1988b, Rockwell International 1988c, DOE 1991b), the hstoncal release 
report (DOE 1992a), and the Phase I RFURI field invesbgation (DOE 1994a) 

2 1 1 Present Landfill (MSS 114) 

Operation of the Present Landfill began on August 14, 1968, and is expected to 
contlnue until the new landfill opens in 1997 A pomon of the natural dramage at the 
headwaters of No Name Gulch was filled with soils from an onsite borrow area to a 
thickness of approximately 5 feet to construct a surface on wluch to start landfilling 
Waste delivered to the landfill was spread across the work area, compacted, and 
covered with soil (DOE 1994a) 

In 1986 and 1987 stuhes were conducted to identify waste streams generated at the 
plant under the Waste Stream Identification and Charactenzanon (WSIC) program Of 
the 338 identified waste streams disposed in the landfill, 97 contamed hazardous waste 
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cover The volume is expected to decrease after the landfill cap is in place The depth 
to leachate within the landfill is approximately 20 feet at the western end 16 feet in the 
mddle, and 33 feet at the eastern end Leachate hstorically discharges as a seep at the 
base of the east face of the landfill (SW097) (Figure 2-1) A temporary seep 
interception and treatment system was constructed in late 1995 and early 1996 and will 
operate until landfill closure 

2 1 2 Inactlve Hazardous Waste Storage Area (MSS 203) 

The Inactive Hazardous Waste Storage Area is located at the southwest comer of the 
Present Landfill (Figure 2-1) The area was actlvely used in 1986 and 1987 as a 
hazardous-waste storage area for both drummed liquids and solids Fifty-five-gallon 
drums contaming liquids were stored in cargo contamers drums contaming solids were 
stored outside cargo contamers on the ground RCRA-listed wastes were stored in 
some of the cargo contamers and included solvents, coolants machming wastes, 
cuttmgs, lubncatlng oils, orgmcs, and acids PCB-contmnated soil, debns and 
transformer oil were stored in the other cargo contamers All drums and cargo 
contamers were removed in May 1987 Hazardous matenals are no longer stored at 
MSS 203 (DOE 1994a) 

Soil-gas sampling and surface-soil sampling were conducted at IHSS 203 dunng the 
Phase I RFI/RI Soil-gas samples were collected at 35 locaoons at approximately 5 feet 
below ground surface and analyzed for volatile organic compounds (VOCs) (Appendix 
C DOE 1994a) Concentranons of VOCs in soil gas vaned significantly w i h n  the 
sampling area, and distlnct sources that could be confidently interpreted as 
contammation associated with spills or releases dunng waste storage activitles were not 
identified Because landfill wastes underlie IHSS 203, VOCs in soil gas in h s  area are 
probably associated with the landfill (DOE 1994a) 

Surface-soil samples were collected at 49 locations from the 0- to 2-inch soil honzon 
and at 18 locations from the 0- to 10-inch soil honzon Samples were analyzed for 
PCBs, metals, and radionuclides Two PCBs (Aroclor- 1254 and Aroclor- 1260) were 
detected at low concentrations in approximately 20 percent of the soil samples but are 
not present at depth All but one of the results for the analysis of PCBs in soil from 
IHSS 203 were J” qualified denoting estimated PCB concentratlons below the 
detection limt of 230 mcrograms per lulogram (clgncs) Metals and radionuclides 
were generally detected at concentrabons or activities less than the maximum 
background concentranon or actlvity (DOE 1994a) 

2 1 3 Asbestos-Disposal Areas 

Beginning in 1985 asbestos generated onsite was reportedly disposed in a designated 
10-foot-deep pit located east of the landfill The material contaming asbestos was 
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2 1 6 Bstoncal Intenm Response AcQons 

In 1973, tntium and strontium were detected in leachate dramng from the landfill 
Intenm response acuons were undertaken to control the generation and mgrauon of 
landfill leachate (DOE 1994a) These actions included construchon of a surface-water 
diversion ditch around the penmeter of the landfill two detenhon ponds immediately 
east of the landfill a subsurface groundwater-intercept system for Iverhng 
groundwater around the landfill, and a subsurface leachate-collechon trench 
(Figure 2-1) The trench for the leachate collection and groundwater intercept systems 
vanes in depth from 10 to 20 feet Construchon began in October 1974 and was 
completed in January 1975 

A surface-water diversion dtch was constructed around the penmeter of the landfill in 
October 1974 to divert surface-water runoff around the landfill and reduce the 
infiltrahon of surface water into the landfill, thereby reducing the volume of leachate 
dramng from the landfill (Figure 2-1) No waste hsposal is known to have occurred 
outside of the surface-water &version &tch 

As part of the onginal intenm response action, two detemon ponds were constructed in 
1974 to control leachate generated by the landfill (DOE 1994a) These ponds were 
formed by constructing temporary berms across the dramage m e d a t e l y  downstream 
of the landfill The West Landfill Pond impounded leachate generated by the landfill 
The East Landfill Pond provided a backup system for overflow from the West Landfill 
Pond and was also used to collect intercepted groundwater as needed (DOE 1992a) 

A more permanent embankment was eventually constructed for the East Landfill Pond 
The new embankment was an engineered dam structure with a spillway A low- 
permeability clay core keyed into bedrock was constructed withm the embankment to 
reduce seepage from the pond (DOE 1994a) 

A groundwater-intercept system was installed around the penmeter of the landfill in 
1974 as an intenm response acbon to divert groundwater around the landfill and thus 
control generation and mgration of leachate (Figure 2- 1) The groundwater-intercept 
system is a clay barner (not a slurry wall) on the outside wall of the leachate-collection 
trench with a perforated pipe outside the barner to carry groundwater to the 
groundwater-intercept system dscharge points (Figure 2-2) 

Between 1977 and 1981, the leachate-collecuon trench and the West Landfill Pond 
were buried beneath waste during landfill expansion In 1982, two soil-bentonite slurry 
walls were constructed near the eastern end of the landfill to prevent groundwater 
mgrahon into the expanded landfill area These slurry walls were tied into the north 
and south arms of the groundwater-intercept system and extend approximately 900 feet 
from the points of intersection (Figure 2-1) Based on as-built drawings, the slurry 
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Dissecuon of the gravel-capped pedment has occurred by headward erosion and 
planahon along eastward-flowing streams and their tnbutanes Fluvial processes have 
formed moderately steep lullsides adjacent to the stream dramages, with the steepest 
slopes formed along the tops of the incised dramages The landfill at OU 7 is located in 
No Name Gulch at the western limt of headward erosion and pediment dissecuon 
Waste matenal has been placed on top of the bedrock and fills the valley to the top of 
the pelment at approximately 6,000 feet Some waste matenal is mounded above the 
top of the pediment in the center of the landfill Waste matenal is confined laterally by 
the leachate-collechon trench and slurry walls and by the bedrock slopes of the valley 

Figure 2-3 presents a generalized stratgraphlc section that shows the vertical sequence 
of surficial deposits and bedrock Surficial and bedrock geologc units that influence 
groundwater flow include the Rocky Flats Alluvium and the underlying Arapahoe and 
Lararme formahons Also important is the mficial fill matenal of the landfill, wluch 
is not shown on the figure The Fox Hills Sandstone occurs at a depth of 
approximately 700 to 800 feet below the ground surface, wluch is too deep to be 
affected by the landfill As such, it is not descnbed 

2 2 2 Descnption of Geologic Units 

Surficial matenal consists of Quaternary alluvial-fan deposits of the Rocky Flats 
Alluvium, colluvial deposits, alluvial deposits of the valley-fill alluvium, and artificial 
fill (Figure 2-4) All surficial deposits are part of the upper hydrostraugraphc unit 
(UHSU) at Rocky Flats whch is descnbed in more detad in Secbon 2 3 

The Rocky Flats Alluvium caps the dvides north and south of No Name Gulch and 
was deposited as a senes of coalescing alluvial fans on the pediment The Rocky Flats 
Alluvium is 25 to 30 feet tluck on the northwest, west, and southwest sides of the 
landfill and 10 to 15 feet thick on the lvides north and south of the East Landfill Pond 
The Rocky Flats Alluvium is composed of redlsh-brown to yellowish-brown, well 
graded, coarse gravel in a clayey-sand mamx Pebbles and cobbles are composed of 
quartzite, granite, and gneiss Maximum pebble size ranges from 1 to 3 inches in 
diameter Caliche whch is a porous calcium carbonate cement, was descnbed in h l l  
cores from the divides north and south of the East Landfill Pond These zones may be 
discharge points for alluvial groundwater along the lullsides above the pond 

Colluvium covers the hdlsides between the pedment on wluch the Rocky Flats 
Alluvium is deposited and the No Name Gulch dramage and East Landfill Pond 
Colluvial matenals have been deposited by slope wash and downward creep of alluvial 
matenal and bedrock The colluvium is 1 to 5 feet h c k  on the slopes around the East 
Landfill Pond and below the dam The colluvium consists of brown, structureless clay 
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sandstones are olive-gray, very fine-gamed, subangular, well-sorted, locally 
calcareous, silty, and clayey Because they lie withm claystones and are not in 
hydraulic connecaon with either the No 1 sandstone or the surficial deposits, the No 2 
through No 5 sandstones are not considered significant pathways for rmgration of 
contarmnants (DOE 1994a) 

The bedrock at OU 7 is composed of gray to brown, structureless claystones contaming 
a trace of carbonaceous matenal and occasional h n  interbeds of siltstone and, less 
frequently, fine-gramed sandstone Sandstones are composed of gray, very fine to fine- 
gramed, subangular to subrounded, well-sorted, quartzose sand Sandstones are 
frequently interbedded with siltstones These ' coarser-gramed" units vary from 10 to 
30 feet thlck 

2 2 3 Distnbution of Geologic Units 

Geologic units beneath the landfill waste consist of a tlun covenng of colluvium on 
hdlsides and valley-fill alluvium in the No Name Gulch drsunage, both underlam by the 
Lararme Formatlon The colluvium consists of clays and silts The valley-fill alluvium 
is composed of gravelly clayey sand Geologic units on the groundwater divides 
adjacent to the landfill consist of Rocky Flats Alluvium, underlam by the 
undifferentiated Arapahoe and La rme  formaaons The Rocky Flats Alluvium 
consists of clayey gravels and sands Lithologies of the undfferenaated Arapahoe and 
Lararme formaaons are typically hmted to claystones and slltstones 

Fine-gramed sandstones subcrop beneath the alluvium only at well locatlon B207089 
(3 1 feet), whch is downgradient of the dam Ths sandstone pinches out approxlmately 
500 feet downstream and is not present at well 4287 Shallow sandstones (present 
within 15 feet of the contact between alluvium and bedrock) were encountered in wells 
6487 (25 feet), located within the landfill on the south side and B206789 (8 feet) 
located on the southwest shore of the pond Based on a 2-degree regional I p ,  these 
shallow sandstones will not subcrop in the OU 7 area and are not preferential pathways 
for mgration of contarmnants (DOE 1994a) 

Other Lararme Formation sandstones are present at depths where there is no hydraulic 
connection with surficial deposits Laraxme Fornabon sandstones (sometlmes referred 
to as the No 2 through No 5 sandstones) were identlfied in well 0886 (at a depth of 59 
feet), located near the East Landfill Pond, well 6487 (25 feet), located within the 
landfill, and wells 4187 (81 feet), B207089 (31 feet) B207189 (70 feet), and 53094 (60 
feet), located in No Name Gulch downgradient of the dam Lararme Formation 
sandstones were also identlfied in wells 0986,70293,70593, and 70893 at depths of 50 
to 125 feet below ground surface All of these wells are located upgrdent of the 
landfill 
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silt 
claystone of the Laranue Formahon underlies the pond selment 

Very fine roots were observed but they decreased with depth Olive-gray 

2 3  Hydrology 

The hydrology at OU 7 is a funcbon of the general geologic framework, recharge and 
lscharge conditions, physical propertles of the aquifer matenals, hydrodynarmc 
conltions, and landfill structures HydrogeoloBc data used to charactenze OU 7 were 
compiled from previous landfill investigahons (DOE 199 1 a), sitewide groundwater 
monitonng, assessment, and protechon plans and reports (EG&G 1990, EG&G 1991, 
EG&G 1994a, EG&G 1995b, DOE 1992b, and DOE 1993a), and water-level 
measurement and hydraulic conductlvity test actlvitles of the Phase I RFYRI (DOE 
1994a) and supplemental field inveshgations Drawdown-recovery test data and 
analpcal soluhons from the supplemental Phase I field inveshgahon are presented in 
Appendix B Addihonal information on the hydrogeology at OU 7 is presented in the 
OU 7 Final Work Plan (DOE 1994a) 

2 3 1 Conceptual Flow Model 

The conceptual flow model for OU 7 is illustrated in Figure 2-5 and encompasses 
surface-water hydrology, interachons between surface water and groundwater, and 
groundwater hydrology 

Surface-water hydrology components of the conceptual model include precipitahon, 
evapotranspirahon pond evaporation surface-water runoff and engineered water 
transfers 

Interactions between surface-water flow and groundwater flow include 
infiltrahodpercolabon, interflow, hstorical seep flow at SW097, groundwater 
baseflow into the pond, discharge from the existing groundwater-intercept system 
into the pond, and seepage flow downward out of the pond 

Groundwater hydrology components include groundwater flow in surficial 
matenals seepage between surficial matenals and weathered bedrock, groundwater 
flow in weathered bedrock, seepage between weathered bedrock and unweathered 
bedrock and groundwater flow in unweathered bedrock 

Recharge hscharge, and interactions between the surface-water and groundwater 
components of the conceptual model are presented bnefly here and discussed in more 
deml in the following sections 

Recharge or infiltratiodpercolation is a significant source of water to the landfill mass 
Groundwater inflow under or through the existing groundwater-intercept system is 
another significant source of water to the landfill These two sources of inflow are 
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natural evaporahon, seepage downward into weathered bedrock, seepage through the 
clay core of the dam, and engineered water transfers 

2 3 2 2 Components of the Conceptual Flow Model 

Surface-water hydrology components include precipitation, evapotranspiration, pond 
evaporation, surface-water runoff, and water transfers from the East Landfill Pond to 
the A-senes ponds 

Mean annual precipitation at Rocky Flats, including ramfall and snowmelt, is nearly 16 
inches (DOE 1980) Approximately 40 percent of the annual precipitahon falls dunng 
April May, and June An addtional 30 percent falls in July and August 
Approximately 19 percent falls dunng September, October, and November The 
remanmg 11 percent falls in December January, February, and March 

Pond evaporahon is eshmated at 70 percent of the pan evaporation, whch ranges from 
1 inch in December and January to 7 inches in September (DOE 1994a) Potenhal 
evapotranspirahon, whch includes both evaporabon and transpirahon by plants, vanes 
in a pattern simlar to that shown by pan evaporation Site-specific potential 
evapotranspiratlon data are not avadable At any given time, precipitahon in excess of 
evapotransplrahon will become surface-water runoff, infiltration, or mterflow 

Surface-water runoff from the landfill and from the area surroundmg the pond is a 
major contnbutor to pond water (DOE 1994a) Some portion of the runoff is diverted 
by the surface-water &version l t c h  whle a significant frachon flows to the East 
Landfill Pond 

Water is penodically transferred to the A-senes ponds to control the water level in the 
East Landfill Pond 

2 3 3 Interactlons Between Surface Water and Groundwater 

Interactlons between surface water and groundwater include infiltratiodpercolation, 
intefflow histoncal seep flow at SW097, groundwater baseflow into the pond, 
discharge from the existing groundwater-intercept system into the pond, and seepage 
flow downward out of the pond 

Infiltranon is the process by whch precipitahon moves downward into the soil and 
includes the flow w i h n  the unsaturated zone (Freeze and Cherry 1979) For purposes 
of the conceptual model water that infiltrates reaches the groundwater table and 
recharges the groundwater in surficial matenals Infiltrahon at OU 7 is assumed to be 
between 5 and 10 percent of the mean annual precipitahon (or 0 8 to 1 6 inches) 
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in recharging the weathered bedrock downgralent of the pond The weathered 
bedrock wells (€3206889 and B206989) directly below the dam consistently exhbit 
water levels 12 to 15 feet below the top of bedrock, indicahng only partial saturahon of 
weathered bedrock and a perched” water table condlhon for surficial matenals 

The dam impedes groundwater flow in surficial materials Pmcle  trackmg shows that 
contarmnants from the landfill are intercepted by the pond (Figure 2-7) (Appenlx C) 
The wells in surficial matenals duectly downgradent of the dam are often dry 

Groundwater Hydrology 

Groundwater flow at OU 7 occurs in the UHSU whch consists of surficial matenals 
and weathered bedrock and, to a lesser extent, in the lower hydrostratigraphlc unit 
(LHSU), whch consists of discontmuous sandstone lenses in unweathered bedrock 

Groundwater Flow in the UHSU 

The UHSU, which corresponds to the uppermost “aquifer” at Rocky Flats (DOE 
1993a), is unconfined and consists of saturated, unconsolidated swrfcial matenals and 
weathered bedrock As descnbed in Sechon 2 2  2, surficial matenals include the 
Rocky Flats Alluvium, colluvium, valley-fill alluvium, and mficial fill Weathered 
bedrock is composed of unlfferentiated Arapahoe and Lararme Formahon claystones 
and siltstones Claystones predormnate at OU 7 

Groundwater flow in surfkial matenals is expected to be significantly greater than 
groundwater flow in either the weathered bedrock or the unweathered bedrock 
Hydraulic conductrvihes were measured at OU 7 dunng the Phase I RFVRI and 
supplemental Phase I field invesngation using drawdown-recovery tests Field 
procedures, data analysis, and results are presented in the OU 7 Final Work Plan (DOE 
1994a) Drawdown-recovery test data and analytical solutions from the supplemental 
Phase I field investigahon are included in Appendix B in th~s report In addinon, some 
slug tests were performed pnor to the Phase I RFI/RI The results from all of these 
tests were used in calculatmg the geornetnc mean of hydraulic conduchvities for 
surficial matenals, weathered bedrock, and unweathered bedrock The locahon, type of 
test, result, and geometric mean of results are presented in Appenlx B 

The geornetnc mean of the measured hydraulic conductlvities for the different geologic 
units are as follows (1) for surficial matenals exclulng mficial fill, the geometnc 
mean is 1 6E-04 cdsec  or 047 feedday, (2) for art~ficial fill, the geornetnc mean is 
6 7E-05 cdsec  or 0 19 feedday, and (3) for all surficial matenals combined, the 
geornetnc mean is 1 3E-04 cdsec  or 0 36 feedday These hydraulic conductivity 
measurements are significantly greater than the measurements for weathered bedrock or 
unweathered bedrock The geornetnc mean of measured hydraulic conducnvities in the 
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Some fractlon of the flow is not dverted by the existlng groundwater-intercept system 
and slurry walls Tlus fractlon is labeled “groundwater inflow under groundwater- 
intercept system” in Figure 2-5 but could also include flow through the groundwater- 
intercept system and flow through or under the existlng slurry walls Existmg data 
inlcate that the groundwater-intercept system and slurry walls are least effectlve on the 
north side of the landfill (DOE 1994a) 

Groundwater flowing out of the east boundary of the landfill is funneled to the seep 
area Some fractlon lustoncally lscharged to the surface as seep water, and the 
remamder enters the pond as groundwater baseflow Because the bottom of the pond 
rests dlrectly on weathered bedrock and the dam is keyed into weathered bedrock, the 
pond and dam interrupt the flow of contammated groundwater from the landfill and 
impede its flow down No Name Gulch Figure 2-7 shows the flow paths of parbcles in 
groundwater over a 30-year tlme penod Appendix C contarns adltlonal informatlon 
and discussion of groundwater flow modeling and parbcle trackmg 

Seepage occurs between surficial matenals and weathered bedrock Flow is expected 
to be mostly downward into the weathered bedrock based on measured water levels 
from well clusters The surficial matenals and weathered bedrock are combined as the 
UHSU because evidence points to a hydraulic connectlon between the two layers 
(EG&G 1995b) However, thls connectlon is not evident in all well-cluster locatlons 
For some well clusters (eg 70093/70193 which is upgradient of the landfill) the 
potentiornetnc surfaces for surficial matenals and weathered bedrock are almost 
idenhcal and move together seasonally For other well clusters (e g , 70393/70493 and 
4087/B206989), head differences in excess of 20 feet are consistently observed These 
head differences mdicate that the weathered bedrock in h s  locatlon is very tight and 
very little water flows through it In these locahons, flow in surficial matenals exists as 
a ‘ perched” water table over partially saturated weathered bedrock The water-level 
elevations presented in Figures 2-9 and 2-10 illustrate this phenomena In all cases, the 
water level in the weathered-bedrock well is lower than the water level in the surficial- 
material well wluch indcates a consistent downward grahent for groundwater flow 

Groundwater flow in weathered bedrock may be dvided into two components flow 
through the matnx and flow through fractures or zones of lugh hydrauhc conductlvity 

Based on the hydraulic conductivity measurements, flow through the weathered 
bedrock matrix is expected to be approximately three orders of magnitude less than 
flow in surficial matenals Weathered bedrock in the OU 7 vicinity consists almost 
exclusively of claystones The weathered siltstones and sandstones that are present 
elsewhere at the site are absent at OU 7 The basal Arapahoe or No 1 sandstone bed, 
which can be a significant water-beanng umt is also absent 

2-17 

P -- 



I 



OU 7 Revised Draft IMLIRA DD and Closure Plan 

2 3 5  

2 3 6  

mean of 64E-07 cdsec  (Figure 2-8, Appendix B) Flow in unweathered bedrock is 
expected to be so small as to be negligible Contarmnant transport in unweathered 
bedrock is controlled pnmanly by lffusion because of the low linear groundwater 
velocihes withm the urut (EGBG 1995b) For these reasons, contarmnant transport in 
the LHSU is expected to be negligible and is elimnated from further considerabon 

Water Balance for the Landfill 

As part of the surface-water hydrology investigabons for the IM/IRA a water balance 
was performed for the landfill mass using MODFLOW (McDonald and Harbaugh 
1991) model outputs for the no-acbon alternahve Input parameters, modeling runs, 
results, and a lscussion of the results are included in Appendix C The model was 
calibrated using OU 7 data Inflows that contnbute to leachate generauon include 
recharge by infiltratiodpercolabon of precipitabon after evapotranspirabon, honzontal 
groundwater flow from the alluvium under or through the exisbng groundwater- 
intercept system (pnmanly on the north side) and under or through the existrng north 
slurry wall, and vertical groundwater flow upward from the weathered bedrock beneath 
the landfill Outflow is pnmmly honzontal flow at the seep 

Conclusions from water-balance calculatrons inlcate that approximately 40 percent of 
the inflow is groundwater from the alluvium and 60 percent is recharge by infiltration 
of precipitation The water balance is a compmson of modeled inflows and infiltratron 
to modeled outflows Most of the groundwater inflow occurs on the north side of the 
landfill Contnbubons from the west side (less than 1 percent) and the south side (less 
than 1 percent) are relabvely insignificant The water balance shows that both a cap 
and a slurry wall on the north side of the landfill would sigmficantly reduce additional 
leachate generation The water balance for the landfill mass is presented in 
Appendix C 

No Name Gulch 

Less informabon on surface-water hydrology, interactlons between surface water and 
groundwater, and groundwater hydrology is avadable for the No Name Gulch dramage 
downgradient of the landfill than for the landfill area itself It appears that No Name 
Gulch is a losing stream year-round There are four surface-water stations 
downgradient of the landfill No flow informabon is avilable for these stations in the 
Rocky Flats Environmental Database System (RFEDS) and field personnel confirm no 
observable surface-water flow in the No Name Gulch dramage dmng storm events 
(Berzins 1995) 

Based on a detaled study of groundwater and surface-water interactions in Woman 
Creek the only reaches of the stream where groundwater recharged surface water either 
year-round or seasonally are located in the western portion of the buffer zone adjacent 
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species, suggestmg a possible trend toward a natwe grassland climax community 
Domnant grasses were western wheatgrass, Canada bluegrass, p r ine  junegrass, and 
big bluestem Kentucky bluegrass, little bluestem, crested wheatgrass, sand dropseed, 
blue grama, and needle-and-thread were also present Domnant forbs were diffuse 
knapweed Louisiana sage, and Canada tlustle Secondary forbs included prame aster, 
slimflower scurfpea, and klamath weed Wild rose was the most commonly 
encountered shrub and prickly pear the most common cactus encountered along 
transects witlun tlus habitat type 

A belt transect sampled withm the hsturbed community contamed 27 plant species 
7 grasses, 1 sedge, and 19 forbs (DOE 1994a) Native species constituted 70 percent of 
the community, including all of the domnant grasses such as big bluestem, blue grama 
Canada bluegrass, and mountin muhly Narrowleaf sedge was also common The 
domnant forb was lffuse knapweed, an introduced and aggressive weed that infests 
lsturbed sites such as roadsides and waste areas Other forbs included Louisiana sage, 
hary golden-aster, blazing star, western ragweed, and klamath weed Fnnged 
sagebrush was the only shrub encountered in the dsturbed commun~ty belt transect 

A large secoon of OU 7 is developed land or barren land due to contmuous earth 
moving at the landfill (Figure 2-1 1) Plants have little opportunity to gemnate, grow, 
or establish in bare areas Most of the onginal topsoil has either been lost through wind 
and water erosion or buried in the landfill 

Tall and short marsh occur in the area around the East Landfill Pond (Figure 2-1 1) 
Tall marsh occurs at the pond margins and is compnsed of a near monoculture of 
broad-leaved cattil, whch probably impacts establishment and growth of other 
hydrophytic plants The stam water level, before the pond was subject to water 
transfers, probably promoted the persistence of the cattils The short marsh type 
occurs in the spray evaporahon areas north and south of the pond where intemttent 
spraying caused more vanable hydrologic conditions The short marsh area is 
domnated by Baltic rush, whch prefers mesic to hydnc conltions but will tolerate 
h e r  conltions Disturbed areas around the pond contin weedy species such as 
Canada thistle and western ragweed (DOE 1994a) 

Ripman areas downgradient of the East Landfill Pond are poorly developed and lack 
extensive woody vegetation Relatively well-developed npman areas of North Walnut 
Creek lie approximately one-half mde to the south (DOE 199%) 

Wildlife 

Much of OU 7 is either bare soil or recently disturbed due to landfill activities and 
provides little if any usable habitat for terrestnal wildlife Weedy areas west of the 
active landfill provide an abundant source of seeds probably support deer mce 
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2 4 3 Sensihve Habitats and Endangered Species 

Wetland and deep water habitats have been mapped and descnbed at OU 7 (Figure 2- 
12) (COE 1994) Wetlands were delineated and charactenzed using the U S Fish and 
Wildlife Service (USFWS) wetland classificatron method (Cowardm et al 1979) by the 
U S  Army Corps of Engineers dunng field surveys conducted in fall 1994 
mstoncally constant water levels in the pond have resulted in a well-established, 
vegetated littoral zone at the north, south, and west pond margins 

Palusmne emergent wetlands occupy an area of 0 67 acres around the pond margin and 
are subject to fluctuatrons of pond water level Palusmne emergent wetlands occupy 
0 13 acres in the adjacent spray evaporation area on the south side of the pond 
Herbaceous species found around the pond margin include common and narrow-leaved 
cattads winter cress torrey’s rush and Canada thlstle Associated substrate and soils 
are generally saturated withm the upper 12 inches of the profile Species found in the 
spray evaporahon area include Canada bstle, baltic rush, torrey’s rush, and Canada 
bluegrass Associated substrate and soils are moist at the surface but not at depth 

Lacustrine unconsolidated bed deep water habitat occupies an area of 2 26 acres at the 
bottom of the East Landfill Pond Unconsolidated bed deep water habitat is either 
barren or supports sparse levels of drawdown vegetation such as algae, needle 
spdcesedge, or barnyard grass 

The East Landfill Pond includes approximately 3 percent of the open water habitat and 
6 percent of the avsulable shoreline habitat at Rocky Flats, the adjacent wetland 
represents approximately 1 6 percent of the total (COE 1994) Since the pond was 
constructed only about 20 years ago, it is probably not a hstorrcally important 
component of the local ecosystem The pond apparently does not contam fish or 
crayfish populatrons Without a complex aquatrc food web that includes upper-level 
aquatrc consumers, the pond is a limted resource for aquatrc-feeding wildlife Because 
the pond lacks predaceous fish such as bass, it may be a resource for breeding 
amphbians such as tiger salamanders, chorus frogs, and bullfrogs 

Slopes around the East Landfill Pond have been identrfied as potenhal Preble’s 
meadow jumping mouse habitat (Figure 2-12) (DOE 1995b) The Preble’s meadow 
jumping mouse a subspecies of the meadow jumping mouse is classified as a non- 
game species by the State of Colorado and a C-2 candidate species by the USFWS 
The Colorado statute protects non-game species from take (e g ,  hunting) and 
possession In 1994 the USFWS received a petrtion to list the mouse as threatened or 
endangered pursuant to the Endangered Species Act No formal decision on listing the 
species has been made Although the mouse has not yet attamed protected status under 
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surface water Data from soil samples collected in the Rock Creek dramage (DOE 
1993b) were used for background samples of surface soils Metals, radionuclides and 
indicator parameters having elevated concentrations relative to background, as 
inlcated by any one of the inferential statlstical tests or the hot-measurement test were 
identified as potentlal contarmnants of concern (PCOCs) Orgamc compounds were 
considered PCOCs if detected in samples from OU 7 

For th~s report, OU 7 data were aggregated into populatlons that reflect potential 
collection or treatment alternatives The following populatlons of data were evaluated 
landfill gas, leachate at the seep, surface water in the East Landfill Pond sediment in 
the pond, surface soils in the vicinity of spray evaporation areas, subsurface geologic 
matenals (colluvium) downgradient of the landfill, subsurface geologic matenals 
(weathered bedrock) downgrdent of the landfill, and groundwater downgradient of 
the landfill 

Specific data sets used for each medmm mclude the following 

Landfill gas-1 63 chemcal-concentrabon measurements at 33 locabons using field 
instruments that provide screening-level data (1 e ,  EPA Level JI), one sampling 
event from Phase I RFYRI 

Landfill gas-zn situ soil-gas sampling, 67 samples collected at 33 locatlons, one 
sampling event from Phase I RFI/RI (EPA Level IV and V) 

Leachate at the seep (SW097)-monthly data (1991), four months from Phase I 
RF'I/RI (1992-1993) (EPA Level IV and V) 

Surface water in the East Landfill Pond (SW098)-monthly data (1991), four 
months from Phase I RF?/FU (1992-1993) (EPA Level IV and V) 

Sediments in the East Landfill Pond-three samples, one sampling event from 
Phase I RFYRI (1993) (EPA Level IV and V) 

Surface soils in the vicinity of spray evaporabon areas-133 samples from 0 to 2 
inches, one event from Phase I RFYRI (1993), 12 samples from 0 to 2 inches, one 
event from supplemental Phase I field investigabon (1994) (EPA Level IV and V) 

Subsurface geologic matenals downgrdent of the landfill-21 samples from 
2 boreholes (70993 and 71093), 7 from colluvium and 14 from weathered bedrock, 
one event from Phase I RFI/RI (1993) (EPA Level IV and V) 

Groundwater downgradient of the landfill-quarterly data ( 199 1-1995) four 
months from Phase I RFVRI wells (1992-1993) four months from 1994 wells 
(1994-1995) (EPA Level IV and V) 
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Landfill Leachate at the Seep 

The compositlon of landfill-generated leachate was evaluated on the basis of screening- 
level data collected dunng the Phase I RFI/RI and seep samples collected monthly 
dmng the Phase I RFI/RI and the 1990-1991 surface-water monitonng program 
Because 1990 data were never validated, only 199 1 data from ths  program were used 
Screening-level data were collected from 16 locabons, 26 samples were collected 
Methane concentrabons in leachate from screemng-level data ranged from OOOO3 to 
31 4 mg/L and typically approached the solubility limt of 35 mg/L at 17 degrees 
Celsius (Merck Index 1989) Methane concentrabons in leachate at OU 7 are 
consistent with methane concentrabons of 25 mg/L observed at other landfills 
(Baedecker and Back 1979) 

Surface-water samples were collected from the seep at the base of the east face of the 
landfill (SW097, Figure 2- 13) Background cornpansons were performed to identlfy 
PCOCs using the Gilbert methodology (EG&G 1994b) Analytes detected in leachate 
at concentratlons that exceeded background concentrations include metals, 
radionuclides, and inlcator parameters VOCs and semvolable organic compounds 
(SVOCs) were detected The PCOCs identlfied and thelr associated concentrabon 
ranges, detecbon limts, detectlon frequencies, and qualifiers are presented in Table 
2-2 Addlbonal informabon is presented in the OU 7 Final Work Plan (DOE 1994a) 

Accordmg to the Gilbert methodology (EG&G 1994b), professional judgment was used 
to further review c e m n  analytes after the stabshcal cornpansons were completed 
(Table 2-2) Two cntena were used in the professional independent review of analytes 
(1) the analytes calcium, iron, magnesium, potassium, and sodium were not considered 
contarmnants because they are essenbal nutnents (EPA 1989a), and (2) the analytes 
silicon, bicarbonate as CaCO3, carbonate as CaCO3, carbonate, fluonde, 
orthophosphate, total dlssolved solids, total organic carbon, lssolved orgamc carbon, 
gross alpha, and gross beta were not considered contarmnants 

The following analytes are identlfied as PCOCs for leachate at the seep (mean 
concentrations) 

Metals-bmum (540 p a ) ,  lithium (40 pg/L), manganese (1,400 p a ) ,  and 
strontium (890 pg/L) 

0 Radionuclides-strontium-89/90 (1 4 picocunes per liter [pCdL]) and tnbum (430 
P C W  
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2 5 5  

2 5 6  

Ralonuclides-amencium-24 1 (0 007 pCdL), stronhum-89/90 (1 4 pCI/L), mhum 
(160 pCdL), uramum-233/234 (1 1 pCdL), uranium-235 (0 2 pCdL) and uranium- 
238 (1 2 pCdL) 

SVOCs-bis(2-ethylhexy1)phthalate (1 pg/L) and 1-n-butyl phthalate (1 pgL) 

0 VOCs-methylene chlonde (3 p&> 

Indicator parameters-chlonde (160,OOO p a )  

Selments m the East Landfill Pond 

Selment samples were collected at three locahons in the pond Samples were 
analyzed for VOCs, SVOCs, radionuclides metals and inorganics (Figure 2- 13) None 
of the radonuclides exceeded background uTL99/99 values, and the only metal 
identified as a PCOC was zinc Three VOCs and several SVOCs were detected in 
pond sediments All SVOC results are estimated values below the quanhtahon limt 
(“J” qualified), however they are still included on the PCOC list The PCOCs 
idenhfied and their associated concentration ranges, detechon limts, detecbon 
frequencies and qualifiers are presented in Table 2-4 Adltlonal informahon is 
presented in the OU 7 Final Work Plan (DOE 1994a) 

The following analytes are idennfied as PCOCs for selments in the pond (mean 
concentrations) 

Metals-zinc (1 10 mgkg) 

SVOCs-acenaphthene (220 pg/kg), anthracene (240 pgkg), benzo(a)anthracene 
(300 pgkg) benzo(a)pyrene (290 pgkg), benzo(b)fluoranthene (340 pgkg), 
bemo(gWpery1ene (250 pgkg), benzo(k)fluoranthene (230 pgkg), benzoic acid 
(540 pgkg), bis(2-chloroisopropy1)ether (260 pgkg), bis(2-ethylhexyl)phthalate 
(210 pgkg), chrysene (29 pgkg) fluoranthene (420 pgkg), fluorene (250 pgkg), 
indeno( 1,2,3-cd)pyrene (250 pgkg), phenanthrene (350 pgkg), and pyrene 
(390 p g k )  

VOCs-2-butanone (17 pgkg), acetone (68 pglkg), and toluene (310 pgkg) 

Surface Soils in Spray Evaporation Areas 

Surface-soil samples were collected on a gnd from the landfill eastward across the 
spray evaporation areas and surrounding slopes and downwind below the dam (Figure 
2-14) Soil samples were collected at 133 locations from the 0- to 2-inch soil honzon 
dunng the Phase I RFIVRI (DOE 1994a) and 12 locahons from the 0- to 2-inch soil 
horizon dunng the supplemental Phase I field invesngation All samples were analyzed 
for metals, radionuclides and indicator parameters 
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Background compansons were performed to idenbfy PCOCs using the Gilbert 
methodology (EG&G 1994b) Analytes that were detected at concentrabons or 
activiues above background include metals radlonuclides and indlcator parameters in 
colluvium and metals in weathered bedrock SVOCs and VOCs were detected The 
PCOCs identified and their associated concentrabon ranges, detection lirmts, detecuon 
frequencies and qualifiers are presented in Table 2-6 Addlbonal information is 
presented in the OU 7 Final Work Plan (DOE 1994a) 

a 

Calcium, magnesium, potassium, and sodium in colluvium and weathered bedrock are 
not considered PCOCs because they are essenual nutnents (EPA 1989a) All SVOC 
results are estimated values below the quanutauon lirmt ( J' qualified), however, they 
are stdl included on the PCOC list 

The following analytes are idenufied as PCOCs for subsurface geologic matenal in 
colluvium downgradlent of the landfill (mean concentrabons) 

Metals-banum (230 mgkg) 

Radionuclides-cesium- 137 (0 58 pCdg) 

SVOCs-chrysene (180 pgkg), fluoranthene (190 pg/kg), phenanthrene 
( 190 p@g), and pyrene ( 190 p g h )  

(3 P g w  
VOCs4-methyl-2-pentanone (17 pg/kg) toluene (850 pg/kg), and total xylenes 

Indicator parameters-nitratelnitnte (4,000 mgkg) 

The following analytes are idenbfied as PCOCs for subsurface geolopc matenal in 
weathered bedrock downgradent of the landfill 

Metals-arsenic (3 4 m@g) bmum (97 rngkg), cobalt (9 m@g), lead (22 
mg/kg), manganese (280 m@g), stronbum (97 mg/kg), and zinc (70 m a g )  

VOCs-1 1,l-trichloroethane (2 pgkg) and toluene (310 p@g) 

2 5 8 Groundwater Downgradlent of the Landfill 

Nine existing wells are screened across surficial matenal or weathered bedrock three 
near the East Landfill Pond and six downgradlent of the dam (Figure 2-15) Four wells 
are screened across unweathered bedrock sandstones or siltstones one near the pond 
and three downgrahent of the dam Groundwater samples have been collected from 
the older wells since 1986 or 1989 and from the new wells since December 1994 Data 
from 1991 to 1995 were used in ths report Appenhx B lists the well locations, 
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(17 pg/L), strontium (1,200 pg/L), acetone (8 pg/L), methylene chlonde (3 pg/L), total 
xylenes (2 pg/L), bis (Zethylhexyl) phthalate (4 pg/L), and butyl benzyl phthalate (4 
p a )  Given the hydrology of the unweathered bedrock (Secbon 2 3 4 2), groundwater 
in the LHSU downgradent of the landfill wiIl not receive further consideratlon 

0 
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Formation 

Rocky Flats 
Alluvlurn( 
Cdlmum 

Laramle 
Formatwn 

Fox Hills 
Sandstone 

Pierre Shale 
and 

older units 

Clayey Sandy Gravels - reddish brown to yellmsh brown 
matrix graysh-orange to dark gray poorly sorted angular ti 
subrounded cobbles coarse gravels coarse sands and 
gravelly clays varymg amounts of callche 

/ 
/ 

Claystones, SlHy Claystoner, and S8nd.tOn.r - light to 
medium olwe-gray mth some dark olhreblack claystone 
silty daystone and fine-grained sandstone weathers 
yellowish orange to yellowish kown a mappable IQht to 
olwe gray medium to coarsegrained frosted sandstone 
to conglomeratic sandstone occurs locally at the base \ (Arapahoe marker bed or No 1 sandstone) 

----- 

CI.yrtonos, Silty Claystorm, Ckyoy Lkndstoma, 
and Sandstom - kaollnltic liiM to medium gray - claystone and srHy claystone and wme dark gray to 
black carbonaceous claystone thin (2 ) corrl beds and 
thin dlacontinuous very fine to d ium-grahd 
moderately sorted sandstone interval (No 2 through No 
Ssandstones) 

600-800 

Sandstones Claystonos, and Coals - light to medium 
gray fine to coarse-grained moderately to well sorted 
slty immature quartzose sandstme with numerous - claystones and subbmnnnous coal bed8 and seams tha! 
rangefrom2 to8 thlck) 

Sandstonos - grayish orange to light gray 

glauconitic -le sandstone 
- calcareous fine-grcuned subrounded 

Rocky Flats Environmental Technology Sie 
Gdden Colorado 

Generalized Stratigraphic Section 

Source EG8G 1992a I M R A  OD and Closure Plan Operable Unit No 7 

March 1996 I Figure 2 3 
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. 3  Development of Remedial Action Objectmes 

Ths secbon presents the process used to develop RAOs or response acbons 
Prelimnary RAOs were idennfied for each medium, a conceptual site model was 
developed, and potennal nsks to human health and the environment were evaluated 
using a focused nsk assessment approach, as recommended in EPA guidance for 
presumpnve remehes (EPA 1993a) Compliance with A R A R s  was assessed by 
compmng chemcal-specific ARARs for surface water and groundwater to 
concentranons in leachate and groundwater at OU 7 and by idennfying locanon- 
specific and actlon-specific ARARs Fmal RAOs were developed by elimnahng 
prelimnary RAOs (1) for whch the exposure pathway is incomplete, (2) for whch 
there is no nsk to the potenoal receptor or (3) for whch analytes do not typically 
exceed ARARs Final RAOs are used in Section 4 for the idennficahon and screemng 
of technologies 

3 1  Preliminary R e m d a l  Action objectnvs 

To meet the overall objectwe of protecnng human health and the environment under 
CERCLA (EPA 1991a), prelimnary RAOs were developed for each medium RAOs 
are medmm-specific or operable unit-specific goals for protecting human health and the 
envuonment (EPA 1988) To evaluate alternatrves in terms of overall protection of 
human health and the environment, the manner in whch potential site nsks are 
elimnated reduced, or controlled through treatment, engineenng controls or 
institutional controls was considered (EPA 199 la) 

RAOs for presumptlve remedy components of OU 7 (the landfill), whch will remam a 
long-term waste management area, are specified in EPA guidance and include the 
following (EPA 1993a) 

Prevent direct contact with landfill contents 
Mmmuze mfdtraoon and resultmg contarmnant leachmg to groundwater 
Control surface-water runoff and erosion 
Control landfill gas (treat as needed) 
Collect and treat leachate at the source (as needed) 
Control groundwater at the source 

In addition to these RAOs it has been agreed by DOE, EPA and CDPHE that the East 
Landfill Pond will be dramed and the dam and pond sediments removed and 
consolidated in the landfill under the cap The pond will be removed to elimnate 
potenhal long-term flood hazards and operanon and mamtenance costs The sediment 
will be removed to elimnate potenbal ecological nsks 
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The remaning potenbal contarmnant release mechanisms include leachng of 
contarmnants to the groundwater or surface water, hstoncal wind dlspersal and 
deposition of contarmnants to surface soils, and hstoncal spray evaporabon of pond 
water The pnmary transport mechanisms associated with releases in water are 
mgraaon of contaminants in leachate seep water and groundwater Spray evaporabon 
activibes ceased in 1994, therefore, releases are no longer occumng by tlus mechanism 
Simlarly, wind dlspersal and contarmnant deposition to surface soils wlll be precluded 
by the presumpbve remedy However, after water from the pond was sprayed onto the 
surroundmg slopes and hstoncal contarmnant deposiaon, contarmnants may have 
infiltrated the soil and may subsequently be leached out of the soil by runoff or 
infiltrahodpercolabon or be dlspersed by the wind 

After contarmnants have entered the groundwater several mgration pathways are 
possible Groundwater in the UHSU could dlscharge to surface water in the East 
Landfill Pond After the pond is removed, tlus pathway will be incomplete 
Groundwater in the UHSU could also mgrate downgradlent, dlscharge to surface water 
in No Name Gulch, rmgrate with surface water to the confluence of No Name Gulch 
and North Walnut Creek, and eventually mgrate off site However, tlus rmgration 
pathway is not likely because groundwater modeling has shown that mgration is 
slowed considerably or possibly even stopped by the dam In addltion, dlscharge from 
groundwater to surface water below the dam is not expected because the ephemeral 
stream in No Name Gulch is a losing stream that discharges to groundwater 
Groundwater in the UHSU could also mgrate slowly downgradlent remzuning as 
groundwater Although exisbng informahon indlcates that there is only limted 
avadability of groundwater downgradient of the landfill (Secbon 2 3) tlus rmgrabon 
pathway is the most likely Groundwater in the UHSU could also seep into the 
confining layers of the unweathered bedrock and eventually reach the sandstones of the 
LHSU However, hydraulic conduchvity values for the confining layer are low and 
downward seepage is mnimal (Secbon 2 3) Contarmnants in groundwater may also 
be deposited in subsurface geologic matenals downgradient of the landfill 

Contarmnants detected in landfill leachate could be transported by seeps or 
groundwater Dunng transport, contarmnants in groundwater may be subject to 
adsorption, hydrolysis, and biological degradabon under aerobic or anaerobic 
condiaons As stated above, lscharge to the pond will be an incomplete pathway once 
the pond is removed and discharge of leachate in groundwater to surface water below 
the dam is not expected 

The anticipated future land use for the area surrounding the landfill is open space, as 
recommended by the Future Land-Use Workmg Group (DOE 1995e) Residential uses 
have been elimnated from the future land-use plan (DOE 1995e) In adlaon, there are 
no plans for future development of groundwater for any use at OU 7 

~~~ 

tp\251071o\sec3 doc 3-3 291% 



I 

Pj 

9 
r 

i 



OU 7 Revised Drap IMflRA DD and Closure Plan 

3 3 1 h s k  Assessment Approach 

0 3 3 1  1 HumanHealth 

The human health focused nsk assessment was conducted using the methods shown in 
Figure 3-3 Fmt, a screerung-level evaluation was conducted by companng PCOC 
concentratlons to prelimnary remelation goals (PRGs) developed for use at Rocky 
Flats (DOE 19950 If site exposures exceeded PRGs, a more detaded evaluanon of 
exposure, includmg nsk calculations, was performed 

PRGs were developed in conjunction with EPA and are specific to chermcals, 
environmental media exposure routes, and exposure scenmos PRGs are chemcal 
concentrahons that would result m cancer risk of 1E-06 or a hazard index (HI) of 1 
(DOE 19950 cntena considered acceptable by EPA (EPA 1989) PRGs were 
developed for specific exposure scenmos that are consistent with land uses idenQfied 
by the Future Land-Use Workmg Group (DOE 1995e) The land-use scenano used for 
evaluating nsk at OU 7 was open space whch assumes public cihzens visit the site for 
recreabonal purposes 25 hmes per year 

The prelimnary nsk screen was conducted by compmng the maxlmum detected 
concentratlon of each PCOC, as identified in Secnon 2 5, to the PRG for that analyte 
Maximum detected concentratlons are used for the PRG screen to provide a 
conservative approach that is consistent with the CDPHE nsk-based conservatlve 
screen (CDPHE/EPA/DOE 1994) a screen performed pnor to baseline nsk 
assessments at Rocky Flats If the maximum detected concentranon was less than the 
PRG nsk of exposure to the analyte is considered to be less than the acceptable 
maximum cancer nsk of 1E-06 or an HI of 1 and the analyte is dropped from further 
considerahon If the maximum detected concentration was greater than the PRG, the 
analyte was further evaluated 111 nsk calculaaons 

Results of PRG screens and detaded nsk calculahons are presented for each medium 
None of the PCOCs in leachate seep water or groundwater downgrahent of the landfill 
exceeded PRGs Metals and radionuclides in surface soils downgralent of the landfill 
that exceeded PRGs were subjected to more detaded analysis through risk calculatlons 

3 3 I 2 Ecological Receptors 

Screening-level exposure and nsk calculations were also used in evaluating ecological 
nsk Soils and leachate seep data were evaluated to deterrmne whether PCOCs were 
present at potentially ecotoxic concentrahons Unlike assessment of human health 
nsks, evaluation of ecological nsk can involve multlple receptor species The OU 7 
analysis was conducted for lirmhng” exposure scenmos involving receptor types with 
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3 3 3  

3331 

for establishment of permanent aquauc communibes In adlbon, nsks from PAHs 
may be overesbmated because nsk calculabons were performed using total analyte 
concentrations in leachate seep water Dissolved concentrabons are most appropriate 
for evaluabon of toxicity to pelagic organisms because Colorado water quality 
standards are based on lssolved concentrations, and transdermal and gill intake are the 
pnncipal exposure routes for these organisms It is unlikely that hgh concentratlons of 
PAHs would be detected in dissolved fracbon of water samples 

Bmum was the pnmary inorganic chemcal with a maximum detected concentrabon 
that exceeded the water-quality standard (Table 3-2) No aquabc-life-based surface- 
water standard was avadable for bmum The Safe Dnnlung Water Act (SDWA) set 
the bmum maximum contarmnant level (MCL) and maximum contarmnant level goal 
(MCLG) at 2,000 pg/L for human consumpuon IRIS reported a human no observed 
adverse effects level (NOAEL) of 10 mg/L The Clean Water Act’s AWQC chose not 
to set bmum standards for aquabc orgasms Soluble and toxic forms of bmum in 
freshwater or mmne ecosystems were thought unlikely due to the physical and 
chemcal propemes of bmum Therefore, EPA chose not to set freshwater or mmne 
AWQC Bmum is not believed to be toxic to aquabc life under the freshwater 
condiQons likely to occur at OU 7 The remaning analytes with HQs above 1 include 
manganese, zinc, and stronbum (Table 3-2) 

Results of the screerung-level ecological nsk evaluation for aquatic life indicate a 
relabvely lugh potend  for toxic effects from chemcal concentrations in leachate seep 
water However, the presence of aquatic habitat in these areas is seasonally interrmttent 
and represents a small (less than 1 percent) porhon of aquatrc habitat on site 
Intemttent habitats such as h s  can be important to amphibian and other sem-aquabc 
organisms However, one objectwe of capping the landfill is to attenuate percolabon 
and leachng of waste matenals As a result the chemcal content of seep water will 
change In addmon, as the landfill dewaters, the presence of water in downgrahent 
seeps will dimnish and the avadability for these habitats to sem-aquabc and aquatic 
organisms will also decrease 

Surface Soils and Subsurface Soil Downgradient of the Landfill 

Human Health 

The PRG screen for surface soils was performed using data collected from the 0- to 2- 
inch depth interval in the surface soils downgralent of the landfill Concentrations of 
arseruc and radium-226 in surface soils exceeded PRGs for the open-space recreational 
user (Table 3-3) A PRG value was not avsulable for lead, however, the maximum 
detected lead concentrauon (1 67 mg/kg) was lower than the residenbal soil screening 
level of 400 mg/kg identified by EPA in OSWER Dlrective 9355 4-12 (EPA 1994) 
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For carcinogens, a combined chld and adult ingesbon rate was calculated by 
combining the ingestion rate exposure durabon, and body weight for both age groups 
It is not necessary to calculate separate cancer risk estimates for chldren and adults 
because accordmg to theones of carcinogenesis currently advocated by EPA, a hgher 
dose of a potenbal carcinogen over a short period of time is thought to have the same 
carcinogenic potentlal as a lower dose over a longer penod of tlme 

Matrzx Egect The matnx effect (ME) descnbes the reduced bioavadability of a 
chermcal bound to a soil matnx compared to the same chemcal in solubon The ME 
may be used to account for decreased bioavadability if “the mehum of exposure in the 
site exposure assessment dlffers from the medium of exposure assumed by the toxicity 
value” (EPA 1989a) EPA guidance further states that “a substance mght be more 
completely absorbed following exposure to contammated drinlung water than following 
exposure to contarmnated food or soil (e g , if the substance does not desorb from soil 
in the gastrointestinal tract) ” The literature values for soil matnx effects for arsenic 
and radium-226 are discussed in more detal below 

The absolute absorpbon of inorgamcs ingested in soil is less than that from water 
because inorgamcs only partlally desorb from the soil Arsenic adrmmstered to rabbits 
in soil was much less bioavalable (28 percent) than arsenic adrmnistered to rabbits in 
water (59 percent), correspondmg to a soil matnx effect of 0 47 (Freeman et a1 1993) 
Consequently, an ME of 0 5 was used in calculatlng intake to account for the decreased 
toxicity of arsenic in soil relative to that in water or other solubons 

For radionuclides ingesbon slope factors were calculated using gastrointeshnal 
absorption factors for soluble forms of each rahonuclide, consequently, it would be 
appropnate to consider matnx effects as well as mneralized form to estimate 
carcinogenic effects from ingestion of rahonuclides in a soil matnx (Nelson 1995) 
However the reduction in potenbal toxic effects cannot be quantified by simply using a 
matnx effect because the adjustment must account for ddferentlal effects on target 
organs Therefore a matrix effect of 1 has been adopted for radium-226 in the nsk 
calculations, even though ths  factor probably overesbmates the effects of radionuclides 
ingested in soil 

Partrculate Inhalahon 

C , X I R X  [ - x ET x EF x ED 
Chemical Intake (mgkg-day) = 

B W x A T  

Radionuclide Intake (pCi) = C, x IR x - r E T x E F x E D  
PEF 
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next hghest concentrahon detected was 2 mgkg whch corresponds to an HQ of 0 1 
The reason for the disparate data on mtratdnitnte concentrations is unclear However, 
this lllgh value of mtratdnitnte is an outlier Contarmnation may be resmcted to a 
small area east of the current landfill face, but the lack of extensive subsurface soil data 
makes lstnbuuon lfficult to assess 

Other subsurface soil PCOCs with HQ values greater than 1 include naturally occumng 
metals For all but lithmm, concentratlons detected are less than two bmes natural 
background concentrahons and correspond to HQ values of 1 7 or less (Table 3-10) 
Although the HQ values are greater than one, nsk from the low magnitude of 
concentrations appears to be mnimal The TRVs for these metals are based on 
concentrahons resulung in sublethal effects and chermcal forms that are Iughly 
bioavadable (e g , readily soluble) The HQ calculabon assumes that the metals in soils 
are 100 percent bioavadable Bioavalability of most metals is usually less than 50 
percent 

hsks to small mammals from incidental ingesbon of surface soils downgradent of the 
landfill appears to be negligible (Tables 3-1 1 and 3-12) HQs for all non-rdonuclide 
PCOCs screened were below 0 4 and the hazard index was less than 1 inlcating that 
contarmnant concentrahons were all below levels that result in toxic exposures (Table 
3-11) The same was true for rahonuclides in surface and subsurface soils 
downgradient of the landfill where the hlghest HQ was 0 53 (Table 3-12) 

Potenhal nsks of inhalauon of volablized organic compounds were also evaluated for 
small mammals living in areas immehately east of the landfill face However, a 
toxicological benchmark for respuatory exposure was avalable for only toluene An 
asrbome concentrahon of 226 mg/m3 was obtamed from IRIS The potential 
concentrahon of toluene in burrow a r  was calculated using the maximum detected 
subsurface soil concentration and Henry’s law constant (Maughan 1992 DOE 19951) 
The HQ for toluene calculated from the maximum soil concentrahon was 5 2 (Table 
3-13) Au-borne concentrations for other organic PCOCs are also presented in Table 
3-13 

For both small mammals and vegetation, the areas of OU 7 with potenbally toxic 
concentrations of PCOCs are small and represent only a fracbon of the total 
communiues at Rocky Flats In addition, these areas are of relabvely low quality 
compared to most of the buffer zone Thus, the impacts to vegetabon commumues and 
wildlife habitat quality appear to be mnimal or neghgible TIus is important because 
effects at the populahon and community levels of biological organizahon are the most 
important in assessing impacts to local ecosystems (Barnthouse 1993) 

h 
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a groundwater with surface water would dilute contarmnant concentrabons and reduce 
nsk from exposure 

Also, one objectlve of cappmg the landfill is to attenuate percolahon and leaclung of 
waste matenals As a result, contarmnant concentrabons in groundwater downgrdent 
of the landfill will be reduced In addition as the landfill dewaters the presence of 
water in downgrdent areas will &mrush and the avsulability for aquatic habitats will 
also decrease 

3 4  Compliance mth ARARs 

Pursuant to the IAG, onsite remedd acuons at OU 7 must comply with all apphcable 
RCRA and CHWA requirements and must also address CERCLA requlrements (DOE 
1991b) CERCLA Sechon 121(d) as amended by the Superfund Amendments and 
Reauthonzatlon Act (SARA), requires that, at a mnimum, any remeQal achon acheve 
overall protechon of human health and the environment and comply with ARAFts 
Laws included under th~s ARARs umbrella include all federal environmental laws and 
state standards more stnngent than their federal counterpart Accordmg to the 
CERCLA Compliance with Other Laws manual, “when idenhfymg potenhal ARARs 
under a state program wluch has granted federal authonzahon the authonzed state 
requuement is to be documented as the potenual ARAR” (EPA 1989b) Addmonally, 
because Rocky Flats is a DOE facility, DOE orders are to be considered (TBCs) whch 
are legally enforceable by DOE agamst contractors that operate DOE facilities 

Laws and regulabons idenbfied as ARARs are either applicable or relevant and 
appropnate Applicable requirements are those “cleanup standards, standards of 
control or other substantive environmental protection requirements, cntena, or 
limtations promulgated under federal environmental or state environmental laws, or 
facility sihng laws that specifically address a hazardous substance, pollutant, 
contarmnant, remelal acbon, locabon, or other cucumstance at a CERCLA site’ 
(40CFR 3005) Relevant and appropnate requmments are defined as “those 
standards that wlule not ‘applicable’ to a hazardous substance, pollutant, contarmnant 
remedial action, locabon, or circumstance at a CERCLA site, address problems or 
situations sufficiently simlar to those encountered at a CERCLA site that their use is 
well suited to the particular site” (40 CFR 300 5) 

The risk assessment process was used to create a framework for detemning the health 
and nsk-based limts for remedial achon and to develop remelal altemauves 
Ultimately, it is necessary to demonstrate that the final remedy addresses all pathways 
and contarmnants of concern, not just those that tngger the need for remehal acbon 
(EPA 1991a) ARARs may or may not be consistent with the nsk-based Iimts, but the 
ARARs represent the regulatory standard to be aclueved 
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all withm an order of magmtude of the ARARs Napthalene and methylene chlonde 
were the organic conshtuents that each exlubited at least one exceedance of the 
groundwater ARARs For napthalene, all five samples exceeded the ARAR but were 
no more than two and a half hmes the ARAR For methylene chloride only 1 detechon 
(6 pg/L) out of 11 samples exceeded the ARAR of 4 7 pg/L 

The same exceedances were observed for these analytes with regard to surface-water 
ARARs (Table 3-19) Thls is because the groundwater ARARs are based on dmharge 
of groundwater to surface water 

3 4 I 2 Groundwater Downgradient of the Landfill 

Concentrations of analytes detected in UHSU groundwater in individual wells 
downgralent of the East Landfill Pond dam were compared to the potenhal chemcal- 
specific ARARs for groundwater Analytes currently exceelng groundwater ARARs 
are presented in Table 3-20 Dissolved chromum and total iron and lead exhlbited at 
least one exceedance of the correspondmg ARARs in the alluvial aquifer Dissolved 
chromum was detected and exceeded the ARAR of 11 pg/L only once (15 2 yg/L) 
Total lron exceeded the ARAR five times out of seven samples at wells 4287 and 
53194 but was withm an order of magnitude of the ARAR Total lead exceeded the 
ARAR of 28 pg/L only once (50 5 pgL) 

The groundwater ARARs are based on surface-water quality standards for Segment 4 
(Walnut Creek dramage) because the potenhal exists (although it is very small) for the 
groundwater to ultimately lscharge to No Name Gulch Due to inshtutlonal controls 
and future land uses agreed to by the agencies, no dnnlung water or agncultural use 
standards are applicable to the groundwater Therefore, the standards are based on 
acute and chronic cntena for aquatlc life that are dependent on the hardness of the 
water However there has never been any water or aquahc life observed in No Name 
Gulch so it is apparent that the groundwater does not lscharge to surface water A 
modeling evaluahon of No Name Gulch has shown that it is a losing stream year-round 
Even if the groundwater l d  dmharge to surface water, the human health nsk 
assessment showed that the nsk to human receptors (based on an open-space land use 
and exposure scenano) is acceptable In adltion, the mean values for iron are less than 
the mean for background, and the maximum values are also less than the background 
maximum 

3 4 I 3 Estimation of Future ARARs Exceeahnces at the Point of Compliance 

One-dimensional contarmnant transport modeling in the alluvium in No Name Gulch 
was performed for those analytes that exceeded ARARs at the seep and at alluvial well 
72293, the well located upgrahent of the seep in the waste matenal and closest to the 
seep to estimate their maximum concentrations at the most upgra&ent compliance well 
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carcinogenic nsk levels associated with the ingesbon of groundwater by an open-space 
user is less than 1E-06 The noncarcinogenic nsk is below the acceptable nsk or HI 
of 1 

3 4 2 Potenoal Locabon-Specific ARARs 

Location-specific ARARs idenhfy requirements that apply because the site has a 
special quality related to geography or the presence of a protected resource These 
requlrernents may lirmt the remdal  acbon that may be implemented or create the need 
for more stringent remedial efforts Potential locabon-specific ARARs and thelr 
ARAR designation for OU 7 are presented in Table 3-22 Locabon-specific ARARs 
most pertinent to OU 7 concern wetlands, floodplsuns, and endangered species Also 
considered are hstonc, natural cultural or archaeological resources 

3 4 2 1 Wetlands Requirements 

Remedial actions at OU 7 will have to be implemented to rmmrmze the destruction, 
loss or degradabon of wetlands (40 CFR 6302[a]) Ths  ARAR is designated as 
applicable As descnbed in Secbon 2 4 3 wetlands have been designated along the 
shoreline of the East Landfill Pond by the U S Army Corps of Engineers (Figure 2-12) 
(COE 1994) Compensatory rmbgabon for unavoidable impacts to wetlands will be 
provided, in accordance with ARARs 

A wetlands assessment will be requlred under the Clean Water Act (CWA) Secbon 
404 The CWA Secbon 404, Execubve Order 11990, and 10 CFR 1022 have been 
idenbfied as potenbal applicable ARARs, and substanbve provisions must be met 
(Table 3-20) 

3 4 2 2 Floodplain Requirements 

The remedial action is not required to comply with the Floodplan Envlronmental 
Review Requirements in 10 CFR 1022 because the floodplans at Rocky Flats do not 
meet the defimtion in the regulahon (DOE 19940 Floodplans are defined in 10 CFR 
1022 as ‘the lowlands adjoining inland and coastal waters and relabvely flat areas and 
flood prone areas of offshore islands includmg, at a mnimum, that area inundated by a 
one percent or greater chance of flood in any given year ” The floodplans at Rocky 
Flats do not adjoin inland bodies of water nor are they relabvely flat, flood-prone 
areas Although the streams that flow through the site have a mappable 100-year 
floodplan, these are not floodplans as defined in 10 CFR 1022, and therefore, 
floodplan requirements of 10 CFR 1022 do not apply 
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3 4 3 2  

Sectlon I B 11 b of the IAG (DOE 1991a) CHWA and RCRA Subtltle C closure 
requirements are applicable A R A R s  because hazardous wastes were dlsposed in the 
Present Landfill after November 19, 1980, whch is the effective date of RCRA (EPA 
1993a) 

Two types of closure are allowed under RCRA Subtitle C clean closure and landfill 
closure The Present Landfill at OU 7 will be closed under landfill closure standards, 
whch require post-closure care and mamtenance of the unit for at least 30 years after 
closure (EPA 1989c) Closure ARARs require that the landfill must be capped with a 
final cover designed and constructed to provide long-term rmnirmzatlon of rmgratlon of 
liquids, functlon with mnimum mamtenance promote dramage and rmnimze erosion, 
accommodate settling and subsidence, and have a permeability less than or equal to the 
natural subsoils present (6 CCR 1007-3 265 310[a3) Post-closure care includes 
mamtenance of the final cover and mamtenance of a groundwater-momtonng system 
(6 CCR 1007-3 265 117 and 265 228[b]) 

Air-Emission Requirements 

Closure of the Present Landfill could potentlally tngger some i r  pollutlon control and 
perrmttlng requirements Placement of the cap will require standard constructlon 
project dust-control measures The final capped facility could potentially release 
regulated quantltles of VOCs and other regulated au pollutants An evaluatlon of 
applicable federal and Colorado regulatlons governing these types of facilitles relatlve 
to ax perrmttmg is descnbed below 

Colorado A r  Regulation No 1 requires new constructlon projects on sites over 1 acre 
in a non-attamment area to implement standard dust-control measures defined in the 
regulatlons The placement of the cap as part of a CERCLA actlon would meet the 
definition of new constructlon under Regulatlon No 1 Thus, the requirements for dust 
control would be considered an applicable ARAR under CERCLA Addmonally, 
unpaved roadways with vehcle traffk of 150 vehcles per day (in a non-attamment 
area) and haul roads exceedmg 40 haul loads or 200 vehcles per day are required to 
subrmt a control and abatement plan descnbing the control measures that will be taken 
to rmmrmze such fugitive-dust generation Some standard dust-control measures are 
provided in Regulatlon No 1 and include basic actlvitles such as applicatlon of dust 
suppressant covenng hauled loads, and dady compaction of the constructlon site 
whch should not greatly impact the planned actlvities Work at Rocky Flats is 
conducted in accordance with the Plan for Prevention of Contarmnant Dispersion 
(PPCD) whch directs safety measures dunng construction actlvities 

Am pollution control pemuts for sources in Colorado are issued by the An Pollutlon 
Control Division of CDPHE Requirements are outlined in Colorado A r  Quality 
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momtonng However, there are no specific provisions in the RCRA treatment, storage 
and disposal facility regulations for au polluuon controls 

Based on h s  regulatory status no specific landfill au polluhon control standards apply 
to OU 7 

Closure of the landfill will require an APEN, a construction perrmt, development of a 
fugitive emssion control plan, and implementation of standard dust control procedures 
dunng construction Specific controls for gas ermssions from the landfill after closure 
are not expected to be requlred based on estimated emssion rates of NMOCs 

3 4 3 3 Post-Closure Groundwater-Monitoring Requirements 

Post-closure groundwater momtonng must be conducted to satisfy the requirements 
under 6 CCR 1007-3 265 310(b)(3) The pnmary objective of the groundwater- 
monitonng program is to detect potenhal future releases that mgrate beyond the 
boundary of OU 7 The groundwater-momtonng program is descnbed in detad in 
Section 8 2 3 3 

3 5  Final Remedial Actron Objectives or Response Actions 

Final RAOs were developed based on prelimnary RAOs (Section 3 l), site nsks, 
potenhal ARARs, and the presumptive remedy approach A quanutatwe nsk 
assessment is not necessary to evaluate whether the contamment remedy addresses all 
pathways and contunants of concern associated with the source Rather, all potenhal 
exposure pathways were identified and compared to the pathways addressed by the 
contamment presumphve remedy (EPA 1993a) Exposure pathways addressed by the 
presumpuve remedy include direct contact with the source and exposure to landfill gas 
(Table 3-25) In addiQon, DOE, EPA, and CDPHE have agreed that the East Landfill 
Pond will be removed and the dam and pond sedments will be removed and 
consolidated in the landfill under the cap Therefore, exposure pathways for the pond 
and sediments are not complete, and nsk evaluations were not performed 

For meha not addressed by the presumptive remedy or removal achons, EPA guidance 
(1993a) states that an achve response is not required if contarmnant concentrauons 
exceed chemcal-specific standards but the site nsk is within the acceptable nsk range 
for carcinogens (1E-04 to 1E-06) hsks were evaluated and an ARARs cornpanson 
was performed for these media A reasonably anticipated future land use, the open- 
space scenario, was used for evaluaung nsks from exposure to leachate seep water and 
surface soils and groundwater downgrdent of the landfill Ulhmately, it is necessary 
to demonstrate that the final remedy addresses all pathways and contunants of 
concern 
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the total iron is the bioavmlable form and could impact aquahc life In addition, a 
temporary modification currently exists for total iron for Stream Segment 5 (Walnut 
Creek dramage) Ths value is 13 2 m a ,  well above the existing and modeled iron 
concentrations Iron concentrahons are also less than background levels and will 
decrease over time as leachate generation and mgrahon decreases once the cap is in 
place Based on these considerations as well as the fact that the groundwater does not 
lscharge to surface water and tllere are mnimal nsks from the conshtuents in the 
groundwater, remelahon of the groundwater downgrdent of the dam is not 
warranted and no RAOs are defined for thls area 

3 5 2  FinalFUOs 

Final FUOs that will be used for the identlfication and screemng of technologes 
(Sechon 4) and the development of alternatives (Sechon 5) include the following 

Prevent l rect  contact with landfill contents 
Wnirmze lnfiltration and resulhng contarmnant leachng to groundwater 
Control surface-water runoff and erosion 
Control landfill gas (treat as needed) 
Collect and treat leachate at the source (as needed) 
Control groundwater at the source 
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Ethylbenzene 

Methylene chloride 

Toluene 

Table 3-1 
Prelimnary Remdation Goal (PRG) Screen 

for Leachate Seep Water 

17 SW097 3410000 pglL no 

6 SW097 10 600 wglL no 

47 SW097 6 810 000 pgIL no 
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Table 3-2 
OU 7 Exposure Screen for Surface-Water Quality 

for Leachate Seep Water 
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Table 3-3 
Prehminary Remediation Goal (PRG) Screen 

for Surface Soils Downgradient of the Landfill 

hOta 

- n PRGlsd iulablc 
N4 not applicable 

PRG are presented in Programmanc Preliminary Risk Baud Remedianon Goals f i r  RFETS (DOE I9950 
Ii h e  maximum detected concentration IS grcarcr than the PRG the analyle is cvaluawd in the r s k  mczsmenr PRGs arc de eloped for those rnalytcs with toxrity cntena 
Onlv analytcs w th PRGs arc e aluated in the mk iLucssmenL 
The PRG is for radium 226 and daughter produca 
The PRG is tor nitrate because t is the dominant specter prescnt 
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Table 3-5 
Site-Speclfic Exposure Factors for Particulate Inhalation of Surface Soil' 

Open-Space Exposure Scenario 

hOfc 

Eapiwre pxdmeur arc presented in Open Space Exposure Pardmeters (DOE IY95h) and R k Asscssmeni Guidance f ir  Suprfund Volume I Human Health E aluduon 
M us1 Pan B (EP4 19Ylb) 
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Chrysene 

Fluoranthene 

Phenanthrene 

Pyrene 

4 Methyl 2 pentanone 

0043 pgkg - 14 NC 

0 11 pgkg - 14 NC 

0 1  pgkg - 14 NC 

0 11 pgkg - 14 .  NC 

IJmg 20 NC 0 058 - 

votes 

- I 
h;C I I laud 

1- referenre due s e the thc I UrdmR benchmark N b a c k p u n d  cona.ntrdn 

R' referen e value not avulable n a  in luded in calrulaunn 

Tnx 
Thc mdxirnum IS the onlymnrenIration dtmvc 2 rn& 
T rvreference alueaesumaudfrnm mu9 tnu 

rb-he e u1 large1 
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Uranium 233, 234 

Uranium 235 

Americium 241 

Plutonium 239/240 

Table 3-12 
Radionuclide Screen for Surface Soils and 

Subsurface Soil Downgrahent of the Landfdl 

1166 1,800 eo 01 

0 05357 1,900 eo 01 

0 0143 1,900 eo 01 

0 01842 3,800 eo 01 

Notes 

Toxic 11 reference a l a  arc from Higlev and Kupcman (1995) Rud log OIB hma bfo Wildlrf I R k Flat En o mnml T c h  logy S I TOXKI~V 
referem alue IS Ihe cEoto cologlcal benchmark for small mammals whlch reprcsentr boundme cxpasurr bpyd on tkir semuvity small home mnges. and 
onunuous conwt with sn I 

Tnuum was meas red n pCln th s scmn assumes 1 kg mtium eq valent IO I L mum 
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Table 3-14 
Preliminary Remdation Goal (PRG) Screen 

for Groundwater Downgrahent of the LanNill 

- nn PRG is avmlable 
h'4 oi applicable 

' PRGr are presented in Pmgrammauc Preliminan- Risk Bared Remediauon Goals for RFETS fDOE 19950 
If rhe maximum detected oncentraunn is greater than thc PRG the analyte is evaluucd in a nsk lSlDeJSment PRGs arc developed fM how rnalvtcJ with tnxirily rnuna Only rnalyru with 
PRG 1~ e dludred in a nsk 1ycssment If no maximum deucted cnnenmuons exceed thc PRG a nsk lrsessment is nor performed 
The PRG s i Irate because I1 Is the dom ml spcc es present 
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4 2 1 No Action 

Although no action is not idenhfied in the presumptive remedy as a GRA, it was used 
to establish a baseline for comparison Under no action, no prevenhve or correchve 
actlons are taken 

4 2 2 Institutlonal Controls 

Inshtuhonal controls are methods by whch federal, state, and local governments or 
pnvate citizens can limt exposure to contammation Most instltutlonal controls take 
the form of use or access restnctions These may include simple physical actlons such 
as fencing and warning signs or more complex regulatory acbons such as compliance 
orders, implementing zoning controls controlling water use, and deed restnctlons 

Each of the four instltutlonal control technologies evaluated in Table 4-2-land-use 
restrictlons, access restnctlons water-use controls, and public educahon-was retamed 
All of the technologies are effective and implementable and are included in the 
alternative development In addition all of the technologies are already in place to 
some extent 

4 2 3 Contamment 

Contamment actions restnct contact with and mgratlon of contarmnants 

Landfill Mass Containment 4 2 3 1 

Under the presumptive remedy, a landfill cap is the preferred contamment technology 
Table 4-3 identifies three types of capping technologies a native soil cover, a single- 
barrier cap, and a composite-bamer cap Although composite-bamer caps were ranked 
most effectlve each cap is considered fully effective for certam site conditlons 
Therefore, each of the three caps is modeled and evaluated in more detil in the 
alternatwe analysis 

4 2 3 2 Groundwater Containment 

As discussed in Section 1 3 2, the penmeter groundwater-intercept system has faled 
along the north side The system was onginally designed to divert groundwater around 
the landfill to decrease saturation and thus control generation and rmgration of leachate 

Table 4-4 shows the evaluation of hydraulic and physical groundwater contamment 
technologies Subsurface dram rate the highest among the hydraulic controls, slurry 
walls rate the highest for physical controls Both technologies have been used at the 
site with mxed results However in analyzing the falures (Sectlon 1 3 2) it is 
believed that proper design and quality assurance/quality control (QNQC) make either 
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optton hghly effectve In order to key the intotmirock, alarge 
trench with s h o m g d  &w-g would be 
and short-term *hhpacts drte to excavatm 
forward to altemabve ddvelopment f11 !ktmn 5 

4 2 4  Collecoon 

CollecQon response actmns parhally or complw 
on@ locatm I 

from thar 

Table 8-5 shows the evaluation of vanous types of pasglvt and &chve collcctmn 
sys- Both types of systems have been I I ~  mumcqyd lesdfills for gas collcctmn 
and control However, hazadou waste laadfills have ra&y useti actlve systems 
because they normally do not produce slgntficant quaatiaeS Brf gas Although m v e  
gas-extramon wells have been used in mumapid lmd€ills, they have had only lmutcd 
success collectmg gas effccttvely over a large area. Due to the v e  rn the waste 
composi~on, the optmal deslgn of a gas-extramon well D ddficult. 

A passrve gas-extractlon system is a p p k b l e  to sites where offsite nugrabon 1s llmtted 
and gas can be forccd to d e c t  111 a blanket collectron system CodQons at the 
Present Landfill are conducive to ths type of system, T h e b d € i l l ~ ~  udeglam by low- 
pedhty weatbmd hdroclc, and the permem of the larrdfilt:-is or will be 
surrounded by a low-pemeabhty h e r  (Sectam 132) Thrs wdl pvcnt  offsite 
rmjpmon of gas, fmmg collection of the gas under thecover 

Ventmg trenches were e h a t e b  because thcy are consrdepj dre least effectwe and 
the most &fficut type of gas-dlectson system to implement at 021 7 

Both passive vents and permeable layers mre m c d  forwrrrd to the development of 
alternatives m Secbon 5 

4 2 4 2 Leachate Collectwn 

Two technoloees am ~dentdid m Table 4-6 Subsurface Qarns cmd -on wells 
Both extractmn wells and subsurface drplas would draw pmdw&r and d d  
rqum a d o w m e n t  h e r  to pvent  d & o n  of dowiwmm wmr Extramon 
wells would also have a low radrus of lniluence The suf#arrfaoe t&un was for 
detadcdlanalysis because it could eflkchvely collect all of the scep%lws 
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4 2 5 Treatment 

Treatment response actions reduce the toxicity, mobility, and/or volume of 
contarmnants through physical or chermcal alterahon 

a 
4 2 5 I Landfill Gas Treatment 

Table 4-7 shows the evaluahon of landfill gas treatment systems 

As discussed in Sechon 3 4 landfill gas is not expected to exceed ARARs However, 
the proposed closure of the landfill may affect gas generahon by lirmhng the rmgrahon 
of gas and decreasing the infiltrahon of surface water Due to the unknown unpacts on 
the gas concentration and flow rates as a result of these achons, it is unknown at h s  
time what, if any, treatment will be required 

Based on these uncertamhes, installation of a gas-collechon system that would allow 
for post-closure monitonng of gas composition, concentrahon, and flow rate unhl 
treatment requirements can be detemned is recommended The collection system 
should also be designed to be compatlble with gas-treatment units should they be 
requxed 

The passive gas-collection system will have vent pipes or gravel columns at vanous 
locahons across the cover The detemnation between pipes or columns will be made 
dunng Title II design The vent pipes or gravel columns will extend through the cover 
and will be located where required to monitor emssions from the landfill If required 
after some penod of monitonng, the vent pipes could be routed lrectly to a treatment 
system to reduce ermssions from the landfill 

4 2 5 2 Leachate Treatment 

Table 4-8 idenhfies 27 potential treatment technologies from the OU 7 Technology 
Literature Review The effectlveness screening was based pnmanly on the ability to 
treat metals and organic constituents If the technology is implementable at OU 7 
preference was then given to low-cost technologies parhcularly those with low O&M 
costs The process ophons that passed ths  screening are carbon adsorphon, ion 
exchange, i r  stnpping, filtrahon, precipitatiodflocculatlon, oxidation, electrolytic 
processes, permeable treatment beds and engineered wetlands 

A number of these treatment technologies are already in use at Rocky Flats at the OU 
1/OU 2 treatment facility, including carbon adsorption ion exchange 
precipitahodfiltration and oxidahon Therefore, truclung the leachate to the OU 1/OU 
2 facility was c m e d  forward to detiled analysis to represent these technologies A 
conventional treatment system located on site at OU 7, whch would incorporate 

I 
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Disposal 
t 

Userestr~ct~ons 
Accessrestrtctlons 
Water-use controls 
Pubhceducatlon 

ContauMent of Landfill Mass 

Nativesodcover 
Smgle-barriercap 
Composite-bamer cap 

L a n a  Gas Collec~o~~ 

Pmeablehycr 
Vents 

Post-clos~ gas rmmtcmu and treatment, if needed 
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Leachate Treatment 

Truckmg to OU 110U 2 
Convenhonal treatment at OU 7 
Permeable treatment beds 
Engineered wetlands 

Disposal 

Discharge to surface water 
Discharge to groundwater 
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Table 4-1 
Summary of Screening Criteria 

Effecbveness 

Implementability 

cost 

Meet RAOs and ARARs 
Reduce toxicity mobility and volume through treatment 
Provide long tern protection 
Minimize short term impacts 
Technical feasibility of implemenbng technology 

Availability of materials 
Ease of construction 
Post-construcbon repairs 

Ability to obtam approvals from regulatory agencies 
Admnistrabve feasibility of implemenbng technology 

Comparabve costs based on engineenng judgment 
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1 , s  Development of Alternatives 

Process optlons retamed after the initial screening presented in Sectlon 4 were 
evaluated further with regard to specific media at OU 7 The options can be 
implemented individually or in combinaQons designed to meet RAOs, such that human 
health and the environment are protected from exposure to contammated media The 
technologies and process options were grouped by GRAs in SecQon 4 In tlus section, 
they were regrouped by media to facilitate development of alternatwes that completely 
address the contammation 

The vmous opQons for each medlum were refined and screened based on the following 
three evaluation cntena effectiveness implementability, and cost Ophons were 
compared at an equal level of analysis with sufficient detal to be able to distinguish 
among the various alternatwes (EPA 1988) OpQons that rated the lughest were 
combined into alternatives that address the site as a whole 

5 1  Ophon Screening Criterra 

The opaons retamed were further screened with regard to provilng sitewide 
protectiveness based on effectiveness, implementabihty, and cost The screening of 
options in tlus secoon exarmned each cntenon in greater detal than was used in 
Sectlon 4 Tlus served to limt the number of options to be considered in the 
development and detsuled analysis of alternatlves 

5 1 1 Effectiveness 

The effectlveness cntena include the degree to wluch a technology meets RAOs and 
ARARs reduces toxicity mobility, or volume through treatment, affords long-term 
protectlon and mnimzes short-term impacts Options that are not protective of 
human health and the envlronment were elimnated from further consideraoon 

RAOs for OU 7 include the following (as described in Section 3 5) 

Prevent direct contact with landfill contents 
Minimze infiltratlon and resulting contarmnant leaclung to groundwater 
Control surface-water runoff and erosion 
Control landfill gas (treat as needed) 

0 Collect and treat leachate at the source (as needed) 
0 Control groundwater at the source 

5- 1 

I 

2/9/96 

- 

! 

I 



OU 7 Revised Drafr IMRA DD and Closure Plan 

5 1 2  

513 

5 2  

As part of landfill closw!~, DbE IH recd?iamfaW~ olir-rkiprcprtydcsctto dent@ 
it as a hazardous waste hdfill and restnet & use DOE may lease Rdcy €Tats 
property for up to 10 years, but because Rmky Ffats IS hted on the Nammal P~mt~es 
List (NPL) for CERCLA, €XJE must ob- E M  appm~# EPA wifl deqpmm if the 
terms and con&tmns of the lease qpcmcnt am wirb ihe safety pnd 
protectbn of pubhc health and the envmhndnt @oE l a )  
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encumber property on which any hazardous substance was stored for one year or more 
and on whch it plans to temnate federal government operattons (DOE 1993c) 

Under h s  opbon, the existlng restncbons on groundwater use at the site are 
mantamed There are no existlng water supply wells at Rocky Flats The nearest 
supply wells downgradent of the landfill are 2 mles from OU 7 Instituhonal controls 
include monitonng of one upgradent and three downgradent wells, as descnbed in the 
OU 7 post-closure plan in Sechon 8 2 3 

The drrlling of new wells is regulated by DOE and the State of Colorado Rocky Flats 
Environmental Management Department Operabng Procedure No GWT 06, Revision 
2 (EG&G 1992b) requires that a Well Installatlon Notificatlon (WIN) form (GT 6A) 
be completed to ensure that new well adrmmstrahve controls are met by the inclusion 
of requester informahon, installahon methods, purpose, initial well-pemt data, 
environmental-protection measures, and addhonal informahon The requester must 
also supply informahon necessary to prepare and file applicable well perrmts required 
by the State of Colorado 

Community relations achvihes such as poshng wntten nohces of public meetings, 
publishing fact sheets that summanze alternatives being evaluated, holdmg public 
meetlngs to discuss community concerns and explam alternahves, and publishing news 
releases, will increase public awareness of site condihons and the alternahves 
considered for final closure of OU 7 The public can comment on remedy selechon and 
provide input to the decision-malung process dunng the public comment penod for the 
Draft Phase I IM/IRA DD 

In accordance with CERCLA, Sechon 121(c), and NCP, Section 300430 (f)(4)(11), 
reviews are required of any remedial action that results in any hazardous substances, 
pollutants or contarmnants remsuning at the site ” These ‘Statutory Reviews” are 
necessary for ‘any site at whch a post SARA remedy, upon attamment of the ROD 
cleanup levels, will not allow unlirmted use and unrestncted exposure ” Reviews must 
occur at least every five years but may be temnated when hazardous substances 
contarmnants and pollutant levels allow for unlimted use and unrestncted exposure 

Reviews ensure that the response action remans protective of human health and the 
environment In most cases, a Level I review is adequate For Level I reviews, a site 
visit limted analysis of site conditions and information gathered dunng routine 
operation and mamtenance achviues will suffice In the event of new or revised 
regulahons or changes in site condbons, the level of review may be adjusted 
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Although there is no contarmnation of soils at MSS 203 (DOE 1994a), it is located 
within the boundary of the Present Landfill and therefore will be capped along with the 
landfill mass 

The asbestos-disposal areas have an exisung soil cover that meets lsposal 
requirements for asbestos (40 CFR Part 61) However, the asbestos areas also are 
located within the boundary of the Present Landfill and therefore will be capped 

5 3 1 2 Grading Plan 

The grading plan is detemned by the extent of the landfill cover, the removal of the 
dam and pond (as hscussed in Section 3) and regradmg of the valley to form a natural 
dramage 

Given the extent of the landfill cover, the pnmary vmables in detemmng the gradmg 
plan were the maximum and mnimum slopes for the cover Maximum slopes were 
generally based on stability and erosion concerns Mmmum slopes were based on 
providing adequate surface-water dramage for the enure cover area after settlement 

The existing side slopes extenlng down into the East Landfill Pond have a slope of 
approximately 33 percent The slopes on the north side of the East Landfill Pond have 
exhbited signs of instability in the past incluchng shallow slumping and seeps To 
stabilize these areas, the graclmg plan includes placement of fill to buttress the slopes 
For prelimnary planning purposes, regrading the slopes to approximately 20 percent is 
assumed Ths  is considered to be a stable slope to prevent slumping and erosion 

Minimum slope angles were selected to provide adequate dramage after settlement 
Conservahve settlement estimates were made based on a vanety of landfill-settlement 
models as summanzed in Appendix E The resultmg gradmg plan for the top surface 
has a mnimum 7 percent grade Final design analyses may indicate that slightly lower 
initial grades may be acceptable for the Present Landfill 

There are two grading plans under considerauon Figures 5-2,5-2a, and 5-2b show the 
proposed grading plan for the dmharge of leachate at the seep to surface water 
Figures 5-3, 5-3a, and 5-3b show the proposed gradmg plan for the discharge of 
leachate at the seep to groundwater Both plans show the grading and cover crowned in 
the center and sloping outward The gradmg plan addresses the 6 CCR 1007-3 Part 
265 310 requirements to promote dramage and mnimze erosion or abrasion of the 
cover and accommodate settling and subsidence so that the integnty of the cover is 
mantamed Minimzing soil erosion and settlement of the waste will allow the cover 
to funchon with mnimum mantenance 
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5 3 1 3  

5 3 2 I Vegernve-Cover Layer 
Y 

I. 

r 

A 36-lach vegetative-soil layer is mCiudkd m all wver cptmns The vegemve layer is 
made up of 2 5 feet of sbll amier 0 5 feet a€ tdpsoil The rram pl*spC1es plqmsed 
for megemon consist of m v e  pram sp&es wa&m blue grana, tug 
blue stem, and sidmats grama (SCS 1983) 
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5 3 2 2 Lateral-DrainageBiotic Barrier Layer 

Thls layer intercepts and drams any water that infiltrates through the vegetatwe cover 
The lateral-dramage layer is contmuous over the top of the cover and lscharges 
collected water at the penmeter surface-water dramage l t c h  

The lateral-dramage layer will also serve as the blow barrier layer A biotic bamer 
will provide protechon from plant roots and burrowing animals that may disrupt the 
integrity of the impermeable layers withm the cover system 

Matenals considered for the lateral-dramagehiotic bamer layer include granular soil, 
geotextdes geonets and geocomposites Each is descnbed in more detal below 

Granular Sod 

Granular-soil dramage layers have been used successfully for many years in a variety of 
dramage-layer applicauons However, there are some IirmtaQons to theu use in cover 
applicabons Media may consist of coarse sands or fine gravels A geotextde filter 
fabnc is required between the vegetatlve cover soil and the dramage layer soil to 
prevent mgration of fines into the dramage layer The dramage-layer matenal must be 
reasonably well graded and noE too coarse gramed to prevent damage to the underlying 
geomembrane Alternatively, a geotextile cushon may be required between this 
geomembrane and the granular soil 

Recently, soil-dramage layers in cover applicahons have been replaced or 
supplemented with geosyntheuc-dramage layers whch have a hgher transmssivity 
and will not damage underlying geomembranes Granular soil biotlc bamer layers with 
3 feet of cobbles may be effectwe in stopping root penetratlon of some deep rooted 
plants 

Geotextrles 

Geotextdes are commonly used as filter layers between soil matenals with differing 
gramsize lstributions (1 e between dramage layers and bamer layers) The geotextile 
retins the fines and prevents them from rmgratmg into other layers and causing a 
reduction in permeability 

Geotextdes are also used as cushon layers between geomembranes and coarse-gramed 
soils that could damage a geomembrane In some cases, very h c k  and very hgh- 
transmssivity geotextiles have been used for lateral-dramage layers However, they are 
generally used in conjuncbon with geonet h n a g e  products Geotextdes have been 
effective in providing protecQon aganst root penetrabon but have lirmted effecQveness 
in providing protection aginst burrowing animals 
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5 3 2 5  

5 3 3  

5 3 3 1  

A geocomposite is used for the gas-collectlon layer in all optlons As discussed under 
lateral draxnage a geocomposite is a geonet dramage layer with geotextile bonded to 
both sides to prevent mfiltration of fine sods 

General Grading Fill Layer 

To aclueve adequate surface-water draxnage off the landfill, general grading fill is 
required The intent of the grading fill is to aclueve a crown in the center of the landfill 
to shed water off the slopes Fill is thckest in the center of the landfill and thinner 
toward the edges 

The general fill matenal can consist of almost any natural soil matenal There are no 
specific resmctions on the composition of the soil as long as it can be compacted to a 
firm, unyieldmg subgrade Fill matenal is expected to come from both onsite and 
offsite sources, includmg the East Landfill Pond sedunents and dam (EG&G 1994d) 

Descnption and Screemng of Capping Options 

Options were developed to cover the range of remdal  acoons avalable under the 
presumpove remedy The capping options may include the following elements as 
descnbed in Secoon 5 2 2 

36-inch vegetative cover layer 
Geocomposite lateral-dramage and biotlc barrier layer 
Vmous combinations of barrier layers 
Geocomposite gas-collectlon layer and ventmg system 
Gradingfill 

Option A Native Soil Cover 

Descnptwn 

Option A consists of a 36-inch native soil cover placed d m t l y  over the grading fill 
The native soil cover is expected to consist of Rocky Flats Alluvium or other free- 
draxning granular matenal Furthermore, it was assumed that the natlve soil cover 
would be placed in a single lift without compacoon Based on these assumpoons, the 
native soil cover was considered to have a permeability of approximately 1E-02 
cdsec  Institutional controls are 
included as descnbed in Section 5 2 3 2 

The cap cross sectlon is shown in Figure 5-3 

Effectzveness 

The native soil cover provides a physical bamer to mnimze the potenbal for human 
contact with the landfill contents Depending on the permeability characteristics of the 

5-10 
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Geosynthetrc Cluy Layer 

A GCL is composed of a commercial bentomte layer saidwchtd betwmn sheets of 
woven or non-woven gemtextdes The bent- m a 1s Sppplmd at a dmvely 
low moisture content and can swell to many tunes & JitGtQfkd hckness if it s 
exposed to water The bentomte has a very krw mhe#nt pemteabhty (SpPrawnateJy 
1E-09 cdsec) Because the matend IS supphed at a low m u  rixtssture mutent, it is 
not suscepble to desiccatw crackmg Rcsearch on GCLs has m&cat& that they WLN 
exhba low p e m b i h t y  even after repeated wettmg and Bryuts d o r  freezing and 
thawmg cycles (Corser et d 1992) GCLs have been 5a usc hr only seven years No 
data on therr long-term effecttveness are avdable 

Compacted clay toyers are generally placed at -1s- con- &we optunum and 
therefore are smceptzble to desmatmn craclung %&id &&c~cra&ng After mhal 
cracks are formed, compacta€ days in genepat do not swell aniS’M ldcc G U s  unless 

the OU 7 cover However, because they am placed m zdaOve@ layen (2 fet), 
they can accommodate mnor azttIement and some s d k e  chkibig m detenoratlon 
without complete Wre 

they are placcd under very hgh normal loads figb d * rwt predlctcd for 

Tbe cover optrons conslder-ed for OU 7 uthze vmm c c m b e  of these matenals 
for the bamer layer 

5 3 2 4 Gas ColZecfwn Layer 

The gas-collectron layer collects mgratmg gases  cross the entm landfill surface and 
transrmts them to selected dscharge points ~ a s e s  that cam nibs layer flow to vent 
pipes and/or gravel columns whem they vent through the mvcb 
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native soil thls cover may reduce infiltrauon into the waste and groundwater The 
HELP model shows an average annual leakage rate of 1 1 inchedyear (Figure 5-4) 
The leakage rate for thls ophon is slightly less than the leakage rate for the no-acQon 
option Thls ophon does not include treatment of waste or leachate, so there is no 
reduchon in toxicity, mobility, or volume through treatment The optron reduces 
infiltration and will ultimately reduce leachate generation through hme The cover is 
designed to control surface-water runoff and erosion but does not address landfill gas 
control 

The permeability of the nafive soil cover is approximately 1E-02 cdsec  Ths  does not 
meet the requirement under 6 CCR 1007-3 Part 265 310 that the cover must have a 
permeability less than the permeability of the underlyng bedrock (1E-06 to 
1E-07 C ~ S ~ C )  

With proper mantenance the cover has a design life of 30 years and therefore affords 
long-term protection Institutional controls to address access and use should be 
effechve in preventing a breach of the cap The construction of the cover may have 
some short-term impacts due to dust generahon and erosion dunng construchon 
However these are easily mhgated using standard construchon techruques 

Implementabdzty 

The natwe soil cover can consist of any mneral soil and can be obtaned from either 
onsite or offsite sources (EGBrG 1994d) Placement of the natwe soil cover is lirmted 
to placing and spreadmg the matenal in a single lift dlrectly over the existmg intenm 
soil cover The matenal is end dumped from haul trucks and spread with a bulldozer to 
the desired depth The surface is graded to design lines and grades with motor graders 
and then revegetated 

Based on the above descnphon of the construchon procedures, ths  implementation is 
straghtforward Matenals should be easily obtaned construction methods are 
standard, and CQA is mnimal Post-construchon repars involving replacement of soil 
or vegetation would be relahvely simple Adrmnistrahvely, Ophon A is unlikely to be 
approved by the regulatory agencies because it does not meet closure requlrements 

cost 

The conceptual cost eshmate for Option A Native Soil Cover, is 

Total capital cost 
Annualized O&M cost 
Total present worth cost 

$4,427,900 

$5 454,600 
$38,800/year 

Cost esamates and associated assumpQons are provided in Appendix G 
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5 3 3 2 O w n  B Sui&-- % Czay Cover 

DesGriptian 
f 

opaon B conslsts of a s m g l e h e r  clay cover ami d t d o i p ~  ~ ~ I O I S -   he cover 
sechon consists a€ the folluwmg layers (Figure 5-3) 

cover IS designed to conml surface-water m&, ~ar)slolt, Hatie 
gas mtgrmon 
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borrow sources at Rocky Flats that meet the specificahons (EG&G 1994d) Therefore, 
it is expected that an offsite borrow source will be requmd Alternahvely, alluvium 
from on site could be used if it is screened and mxed with bentonite However ths  
may increase the cost for soil 

After a source is located, the matenal is hauled to the site for processing and 
conditioning Processing consists of reducing the maximum pamcle size to 1 inch or 
less and moisture conlhoning to the specified moisture-content range Thls generally 
requires the use of a mxing table where the matenal is spread in dun lifts 
(6 to 12 inches) to allow processing and conlhoning Pmcle-size reduchon is 
acheved with discs and/or soil mxers Water is generally added dunng processing to 
facilitate particle-size reduchon and ulcrease moisture content to the deslred range 

When the matenal meets pmcle-sue and moisture-content requmments, it is hauled 
to the landfill and placed in controlled lifts Each lift is compacted and tested Pnor to 
placing a new lift of clay, the underlyng lift surface is scarified to facilitate bondmg 
between lifts Thls process is repeated unhl the desired thlckness of clay cover is 
obtamed The surface of the completed clay cover is then graded to the design 
contours Equipment for preparahon of the clay usually mcludes bulldozers, water 
pulls, pavement recyclers or soil mxers, and large-diameter earth-turning &scs 

CQA monitonng of the clay preparation is also required to ensure that the clay matenal 
meets specifications when it is placed The clay preparation process is sensihve to frost 
and heavy rams and special steps must be taken to control ranwater runoff at the 
prepared clay stockpiles 

Two geocomposite layers one for lateral drmnagehiohc b m e r  and one for gas 
collechon are also required These matenals are r e d l y  avadable and easy to install 
Geotextiles are unrolled, and seams are either overlapped, heat bonded, or sewn 
together CQA involves matenal conformance teshng and observahon of the 
deployment and searmng operahons to document conformance with plans and 
speci ficahons 

Because compacted clay covers are placed wet of ophmum to acheve the mnimum 
permeability, there is an increased potential for desiccation In thls cover sechon, there 
is no FMC or other vapor barrier above the compacted clay cover Therefore, it is 
expected that over hme the clay will dry and crack (Corser et a1 1992) Without 
substantial confining pressure, compacted clay covers that desiccate and crack wdl not 
re-heal even if subjected to free moisture 

A stockpile of clay can be mantamed on the site to ensure that a suitable source is 
avadable should repars become necessary Alternatively, GCLs or other appropriate 
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5 3 3 3  

inatcrlals can be waId3ou& for the sari# pmpywk CQA @!stmg of theclay matenal 
used for rep at^: is thosame 85 CQA mmg dwi& &em€fare, rnobdlzatton 
of those resources is m p d  E the m is large enough, special designs of clay Iayer 
be-ms to exlstmg clay may be necessary 

cost 

The mgle-bamer FMC covm ineets all MUS OBlttmfS wlll prevent 
access and use of tfie area winch may 4 m brcadmg of the cap Tbe cover wll 
prevent atxect  ont tact wxth landtill contents and mtnmae & and resultant 
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leachng of contarmnants to groundwater The cover is designed to control surface- 
water runoff erosion, biobc intrusion, and landfill-gas mgrabon 

The FMC bamer layer has a permeability of approximately 1E-13 cdsec whch is less 
than the permeability of the underlying bedrock meenng the closure requvement 

Ths option does not include treatment and therefore does not reduce toxicity, mobility, 
or volume of waste or leachate through treatment, however the cover reduces the 
average annual leakage rate to 0 021 inches, whch reduces infiltrabon and ultimately 
reduces leachate generation The 30-year design life provides long-term protecbon 
Short-term impacts dunng construcbon such as dust generanon and erosion, are easily 
mbgated 

Implementabrlrty 

Although specialized, numerous sources exist for the purchase and installation of an 
FMC Thlckness, composibon, and type of FMC will be detemned dunng design 
The geocomposite layers used for drsunagehiotic bamer and gas collecbon are also 
readily avalable and relatlvely easy to install, as discussed under Opbon B 

Adequate quality control and quality assurance dunng fabncabon, placement, and 
searmng of the FMC are essential Pnor to the matenal amving at the site, quality 
control certificabons from the manufacturer are reviewed to confirm that the matenal 
meets the specificabons After the matenal amves onsite, quality assurance samples 
are obtaned to confirm that specificabons are met 

After the FMC is lad out, the panels are seamed together using fusion andor extrusion 
welding methods A hot wedge or chemcal is used to melt the panel surfaces in fusion 
searmng The panels then bond directly to each other In extrusion welding, molten 
polymer is extruded over the edge or between the panels, melting the surface of the 
sheets The panels and polymer then cool and bond together 

All searmng methods require extensive CQA Destructive and nondestrucbve testing is 
generally performed In destrucbve tests, a piece of the seam is cut out and removed 
for onsite or laboratory testlng The sample undergoes shear and peel tesbng to give an 
indicahon of the overall quality of the seammg Nondestrucbve testing attempts to 
validate the integnty of all seams Common methods include the am lance, pressurized 
dual seam and vacuum chamber box Each method is applicable to certam seam 
configurations and types of FMC 

To repar an FMC, special welding equipment and qualified personnel would have to 
be mobilized The FMC welding processes are sensitive to the presence of dust or 
moisture on the sheet and the ambient sheet temperature CQA must generally be 
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Tbe cover 

The baarer layer is  a GCL with a ptrmeabhty of a p p m d y  3E-09 cadsec Gas 
treatmeht Wlll be added lfnecded 
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There is no treatment of waste or leachate, so thls optlon does not reduce toxicity, 
mobility, or volume through treatment However, the cover reduces infiltration by 
reducing the average annual leakage rate to 0 035 inches and will ultimately reduce the 
volume of leachate through tlme The cover is designed to last 30 years, however, 
GCLs have been in use only for about seven years, and the long-term protectiveness of 
ths technology is not proven Short-term impacts dunng constructlon include dust 
generatlon and erosion, whch can be mtigated using standard constructlon techniques 

Implementabilrty 

GCL matenals are generally avadable as composites of geotextlle or HDPE 
Geosynthetic dramagehiotlc barner and gas collectlon matenals are avadable as single 
layers of geonet or larmnated combinabons of geotextlle and geonet No soil matenal, 
other than the vegetatlve layer, is requlred 

A gas-collectlon layer is placed directly above the waste or intenm soil cover followed 
by placement of overlying GCL, lateral-dramage, and vegetatlve layers Although the 
gas-collectlon layer also serves as a cusluon layer for the GCL, it is necessary to 
prepare the general fill for geosynthetlc placement l h s  surface is graded and rolled 
untll it is smooth and firm without any protrusions or depressions 

Due to the large absorptlve capacity of GCLs, they must be stored to prevent exposure 
to snow or ram Ths generally requires that the matenal be stored in a covered 
contamer or enclosed buillng 

Placement of the GCL as part of the cover constructlon is relatively simple GCL is 
unrolled over the surface of the landfill with an overlap of 6 to 12 inches The 
constructlon process must be sequenced to allow all of the GCL that is deployed m one 
day to be covered by the end of the day to ensure that the exposed GCL is not damaged 
by precipitatlon 

CQA observatlon and testlng associated with the placement of a GCL are limted to 
review of quality control testing of the matenal pnor to shpment, conformance testlng 
of the matenal delivered to the site, and observatlon of the deployment to confirm 
overlaps between rolls 

Post-construction repam to GCLs can be accomplished by removing the vegetatlve soil 
cover and dramage layer and overlapping a sectlon of new GCL over the damaged area 
No searmng is required with a GCL The dramage layer and vegetatlve soil are then 
replaced Very mnor defects in the GCL will be healed without specific repar 
measures by the swelling charactenstlcs of the GCL when exposed to any free liquids 
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reduces the volume of leachate Ths  leakage rate is substanhally less than any of the 
previous cover altematlves The reduchon in leakage is pnmarily the result of the 
presence of the low-permeability soil below the FMC The low-permeability soil 
serves two funchons to provide a good beddmg layer for the FMC and to reduce the 
effect of a small leak in the geomembrane by contaming the leak with a second bamer 

The 30-year design life with instituhonal controls to protect the cover ensures long- 
term protection Short-term impacts dunng construction, includmg dust generahon and 
erosion, are readdy mhgated 

Implementabdrty 

Geosynthetic FMC matenals are avadable in a wide vanety of composihons 
thcknesses, surface textures colors, and other physical properbes FMC matenal 
larmnated with geonets and geotextlles that serve dual functlons as bamer and dramage 
layers are also avadable The type and weight of the FMC will be detemned d u n g  
design Placement and searmng of the FMC is simlar to Option C 

The low-permeability soil required in h s  option should be avadable from nearby 
borrow sources (EG&G 1994d) Some screening to remove oversize particles or 
admxture of clay materral may be required to meet the gradahon and permeability 
requirements of 1E-05 cdsec  These requirements are significantly less than the clay- 
bamer layer in Ophon B or G, whch needs to meet a much more ngid specification for 
gradation, moisture content and compactlon in order to aclueve its requmd 1E-07 
cdsec permeability The vegetative soil, dramage and gas-collechon layers are all 
readdy avalable 

Option E calls for a geocomposite gas-collechon layer to be placed above the waste 
followed by from bottom up the low-permeability soil FMC, dramage layerhiohc 
barrier and vegetative layer The gas-collechon layer could also be placed on top of 
the low-permeability soil instead of directly on the waste surface, provided that the soil 
can readdy transmt gas from the waste mass Tlus elimnates the need to prepare the 
waste surface for geosynthehc deployment Ths  ophon will be evaluated dunng final 
design 

Placement of geosynthetic matenals for gas collectlon and dramage employs standard 
construction equipment, labor, and CQA techniques as descnbed in Option D 

Based on the construcQon techniques, ths altematlve is technically feasible All of the 
equipment, matenals, and labor required for construchon are commonly avadable The 
single-bmer FMC and low-permeability soil cover meets RAOs and closure 
requirements and provides two layers of protection Therefore, it is considered 
adrmnistratively feasible 
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The wncepuil u s t  for Ophon E, S PMC Cover with 
Low-PerXneablllty sod cover, 1s 

Total capital cost 
Ann- o&M cost 
Total present worth cost 

Cost estunates and associated assumpt~ons am pvidcd ln G 

5 3 3 6 Optzon F Composite-Bamer FMC and GCLGm 
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Implementabdrty 

As mentioned earlier, geosyntheuc matenals can be rea&ly obtsuned The 36-inch 
vegetative layer is the same as that used in the other alternauves No other soil or clay 
is requmd for this optlon, therefore, soil avadability is not a factor 

This cover system could be constructed in two separate layers a GCL and an FMC 
The implementability cntena would be simlar to those described for Optlon C (single 
FMC cover) and Optlon D (single GCL cover) Alternauvely some manufacturers are 
producing a single matenal that consists of a GCL bonded to an FMC This matenal 
can be deployed in one step As a mmmum, the seams are overlapped However, th~s 
system has the potentlal for FMC components to be welded to each other in a fashion 
simlar to Optlon E 

Post-construchon repsurs to this cover system would be made to each component 
individually as descnbed in Opuons E and F As a mnimum repaus to the combined 
matenals would consist of placing a bonded GCUFMC over the damaged area with 
sufficient overlap around the damage To further secure the patch, a single layer of 
FMC could be placed over the patch and welded to the surroundmg FMC 

Based on the above descnption of construcuon, this opuon is technically feasible All 
of the equipment, matenals and labor required for construction are commonly 
avadable The composite-bamer FMC and GCL cover fulfills RAOs and closure 
requirements and provides two barrier layers Thus, it is considered an ahnistratively 
feasible option 

cost 

The conceptual cost esbmate for Option F, Composite-Bamer FMC and GCL Cover, 
1s 

Total capital cost 
Annuahzed O&M cost 
Total present worth cost 

$8 081 800 

$9 108 500 
$38,800 /year 

Cost estimates and associated assumptlons are provided in Appendix G 

5 3 3 7 Option G Composite-Barrier FMC and Clay Cover 

Descnphon 

Option G is a composite bamer with both FMC and compacted clay as well as 
instltuuonal controls The cover consists of the following layers (Figure 5-3) 
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Based on the constructlon process discussed above, this optlon is technically feasible 
All of the equipment matenals, and labor required for constructlon are commonly 
avsulable The composite-barner FMC and clay cover meet RAOs and closure 
requirements in adhtlon to following EPA guidance on the recommended cover cross 
sectlon It is considered likely to receive approval from CDPHE and EPA 

cost 

The conceptual cost estimate for Option G Composite-Barner FMC and Clay Cover, 
is 

Total capital cost 
Annuahzed O&M cost 
Total present worth cost 

$9,883,300 

$10,9 10,Ooo 
$38,8OO/year 

Cost estimates and associated assumptlons are provided in Appenlx G 

Landfill Capping Optlon Selected for Detarled Analysis 

The screening of capping options was based on effechveness, implementability, and 
cost as described in Section 5 1 Table 5-2 summanzes the permeability and leakage 
rates for each of the capping options These parameters, in addihon to long-term 
permanence were used to compare the effectlveness of each optlon Figure 5-4 shows 
leakage rates for each optlon graphcally Table 5-3 presents a summary of the 
comparatlve analysis of the optlons 

The native soil cover and the single-bamer clay cap were elimnated from further 
evaluatlon because they do not meet the basic effectlveness and implementability 
cntena 

Although GCLs have good permeability and low leakage rates, they have been in use 
for less than 10 years and, as a result, long-term effectiveness is unproven Because the 
panels are not seamed, settlement or movement in the cap may cause leakage at the 
joints over the long term Therefore, optlons with GCLs were elimnated from further 
evaluation 

The focus for evaluaung the remarrung capping optlons is on the soil layer beneath the 
geomembrane with is the only difference among the options For effectlveness, the 
focus is on the two mam functions of the soil layer beneath the geomembrane 

Ability of the soil to support and enhance the functlon of the geomembrane 
Long-term permeability of the soil barrier itself 
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the geonet The vents consist of PVC or HDPE pipe (depending on the FMC material 
selected) or gravel columns 

The gas collection layer with vents is included in the design of all capping options with 
a barrier layer The costs were also incorporated in the capping costs 

5 4 2 Gas Treatment Options 

As discussed in Section 3, it is not anncipated that landfill gas will exceed AFtARs 
However, the proposed closure of the landfill may affect gas generation by limting the 
mgration of gas and decreasing the infiltranon of surface water Therefore as 
discussed in Section 4, post-closure momtonng will be performed, and the monitonng 
data will be evaluated to deterrmne if gas treatment is necessary 

5 4 3 Gas Collectioflreatment Options Selected for Detlled Analysis 

The permeable layer with vents is included in the design of all capping options with a 
bamer layer Post-closure monitonng of gas composition, concentration, and flow rate 
is recommended until treatment requlrements can be deterrmned The system will be 
designed with the capability for addmg gas treatment as needed 

5 5  Leachate 

Leachate collection treatment and disposal options were evaluated to address the RAO 
to collect and treat leachate at the source as needed Leachate collection options were 
narrowed down to a subsurface dram in Section 4 Leachate treatment includes onsite 
and offsite conventional and passive options Disposal options include discharge of the 
leachate to surface water and discharge to groundwater 

5 5 1 Leachate Collection Options 

In Section 4 technologies for leachate collection were idennfied and screened to 
develop usable options with the most effectwe option being a subsurface dram 

For this option, a shallow subsurface dram would be constructed to collect leachate 
from the seep as it exits the gravel dramage layer, as discussed in Section 5 3 2 The 
dram would be installed in the area of the East Landfill Pond immehately 
downgradient of the edge of the landfill cap The dram constructed of coarse-gramed 
material such as gravel, would be approxlmately 200 feet long and onented 
perpendicular to the No Name Gulch valley The dram could be keyed into the 
weathered bedrock with an average total depth of 2 feet and a nomnal trench width of 
40 feet Perforated pipe would be installed near the bottom of the trench leading to a 
sump that would collect water for transfer to a storage or treatment system 
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flows from other sources and the effluent storage capacity Both of these issues would 
need to be addressed dunng design 

Implementabd@ 

Treatment at the OU 1/OU 2 facility is technically and adrmmstrabvely feasible 
Collection and storage facilities would be required on site, however, the treatment 
facility itself exists Vanous modes of transfernng the leachate to the OU 1/OU 2 
facility were considered Truclung was detemned to be the most cost-effecbve 
method Because a number of dlfferent treatment trains are available, mochficabons to 
the system to accommodate changmg concentrabons or ARARs would be relabvely 
simple For example, dlfferent resins can be used in the ion exchange units to remove 
different contarmnants 

O&M and residual generauon would be dependent on the treatment train used The ion 
exchange units requlre regeneratlon of spent resins, treatment of regeneratlon water, 
and dlsposal of the solids Filtration units must be cleaned by fluslung penodlcally 
The flushmg water must be treated and the solids disposed The GAC column requlres 
regenerabon and dlsposal of spent carbon UV oxidabon destroys organics without 
creating a waste product Oxidabon products include carbon dloxide, water, and 
vanous salts or organic acids 

Cost 

The conceptual cost estlmate for the OU 1/OU 2 facility including storage tanks and 
providing electricity at OU 7 is 

Total capital cost 
Annualized O&M cost 
Total present worth cost 

$675,900 
$490,6OO/year 

$13,659,400 

These costs assume an average flow of 2 gpm 
assumphons are provided in Appendix G 

Cost esbmates and associated 

OU 7 Conventional Facility 

A conceptual design for an onsite conventlonal treatment system was developed using 
the process options identified in Section 4 

Descnptton 

For an onsite convenhonal treatment facility leachate would be pumped from the 
subsurface dram to onsite storage tanks and then piped to the treatment system The 
leachate enters an electrochemcal cell for metals removal After pH adjustment, a 
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Envuometal Treatment Wall 

Description 

A permeable treatment wall developed by envlrometal technologies inc consists of a 
trench contaming pnmarily iron filings to reduce contarmnation The trench is 
constructed perpendlcular to the leachate or groundwater flow path The filings are a 
zero valant uon ion whch has been ground and heated m a furnace 

VOCs are degraded as they mgrate slowly through the wall under natural flow 
condmons The degradahon process is believed to be abiotic and electrochemcal, 
involving the oxldation of the iron and reducbve dechlorinabon of the organics 

Metals mght also be removed by adding calcium carbonate to the reacbve medla to 
promote precipitabon Orgamc carbon may also be required for zinc removal 
Alternatlvely, there are several vendors of metal absorptive matenals that could be 
suitable for use in a permeable treatment wall 

The permeable treatment wall at OU 7 would be approximately 200 feet long and 1 foot 
wide The depth is approximately 20 feet, but may vary across the dramage A funnel 
(slurry wall, metal sheeting) and gate system is not proposed because the No Name 
Gulch valley acts as a natural funnel and envuometal’s recent expenence indicates that 
ths  type of system tends to increase the width of the wall required Therefore, 
constructlon of an impermeable funnel is not required 

The most probable construchon sequence would be placement of the fill in the area of 
the pond then subsequent driving of sheet piles and installatlon of large diameter well 
casings 

Effect1 veness 

The technology is innovabve Few full-scale walls have been in place long enough to 
optimze design parameters and detemne long-term operabonal requirements 
Although the walls are used pnmmly to remove organics, both of the organics 
exceeding A M s  at the seep, napthalene and methylene chlonde are not treated by 
ths  technology In addltion metals removal has only been evaluated at the bench-scale 
stage It is estimated that the wall will have to be ‘ rejuvenated” every 5 to 10 years to 
remove precipitates formed during metals removal Precipitates reduce wall porosity 
and effectiveness Regenerabon consists of flushmg, mxing, or replacement of the 
affected media 
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Implementability 

Treatabiity testmg wodd be r e q d  to de- 6# duneaslons of the wall, percent 
of mn fillng requmd, potentml for meral prccipifat~oa, and gootochrucal and 
hydrauhc conside~un~ The permeable treatment walt fbt opgrrmcs rtmoval is  
techmcally feasible It is -le to construct and operate and does not q u e  a source 
of energy Disposal of d%cted medla may be r e q d  every 5 ko 10 years due to 
Ejuven&on However, because the wall does not speafidyaddress the orgmc or 
metals cont8rrrm8tlbI1 HI the seep water, it is not comidemd -vely feasible 

O S ?  
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Effectiveness 

For permeable walls for metals treatment, several pilot-scale operations are in place, 
and the one full-scale implementation was limted to the batch treatment of 4,500 
gallons of contarmnated groundwater The analytlcal results from the one full-scale 
treatment system show good removal (approximately 90 percent) of cadrmum, copper, 
and lead, less removal for chromum and zinc (32 percent and 8 percent, respectively), 
and no removal of manganese iron, and alumnum (EPA s VISITT 4 0 Database, 
1995) Removal of manganese, iron and alumnum in theory could have been 
aclueved by increasing the volume of FORAGERm sponge in the system (reducing the 
loadmg per cubic foot of absorptwe m a t e d )  

Penodic changeout of the FORAGERm sponge is required The required changeout 
hme could be as low as a few days or as lugh as one year The sponge is not suitable 
for placement for long penods such as five years because of concerns about degradation 
of the organic polymer matnx (Raner 1996) The sponge can either be regenerated or 
disposed by incinerahon or by solidification and disposal in a non-hazardous landfill 
(EPA's VISlTT 4 0 Database, 1995) h t i a l  calculahons for the seep water show that a 
100-cubic-foot volume of FORAGERm sponge would require the following changeout 
times to treat 2 gpm (analytes listed in order of decreasing affinity based on Ramer 
[ 19961 and analyncal data in EPA's VISlTI' 4 0 Database, 1995) 

Remove 90 percent of cobalt, lead, copper, chromum, banum, nickel manganese, 
zinc, and Iron-time between changeout 17 days 

Remove 90 percent of cobalt, lead, copper, chromum, banum, nickel, manganese, 
and zinc-time between changeout 365 days 

Implementability 

For permeable walls for metals treatment, the required changeout frequency and 
accompanying lugh costs indlcate that the FORAGERm sponge treatment wall is not 
feasible for the removal of all metals up to and includmg iron The treatment wall 
rmght be feasible if reduction of iron concentrahons is not required, with a calculated 
changeout time of 365 days Actual changeout times cannot be established without 
pilot-scale or full-scale testing but will likely be more frequent 
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three to five years to remove build-up of metal precipitates and prevent clogging and 
short-circuitmg of the system Piping mght also requlre cleaning on a regular basis 

Effectzveness 

Numerous pilot studies and a few full-scale systems using SRB reactors or engineered 
wetlands have been implemented in recent years for removal of heavy metals from 
mne dramages Engineered wetlands have also been used successfully for removal of 
convenhonal pollutants (such as biochemcal oxygen demand and nutnents) from 
municipal and agrrcultural wastewaters They have not been designed or used 
specifically for the removal of toxic organics Whle over 400 wetland treatment 
systems have been designed and built in the Umted States few have operated more 
than three years, and none have operated more than 10 years Therefore, the long-term 
effectweness and costs of these systems are not well established High seasonal or 
storm flows that pass through the system mght not be treated as effectwely as long- 
term baseflows Therefore ARARs mght not always be acheved 

Implementabrlrty 

Standardized, well-accepted design procedures for SRB reactors and engineered 
wetlands are not avalable and are st111 very much in the development stage and 
contmuously evolving However, some general feasibility and design guidelines 
developed for metals removal using wetlands are avilable and can be used as a 
feasibility screening tool 

The engineered wetlands are technically and adrmmstrauvely feasible An NPDES 
discharge perrmt would probably be required for dscharge of the effluent to No Name 
Gulch The wetland vegetation that is harvested from the system every few years mght 
requlre management and disposal as a hazardous waste due to high metals content 

cost 

The conceptual cost esbmate for engineered wetlands is 

Total capital cost 
Annualized O&M cost 
Total present worth cost 

$1,025,000 

$1,687,700 
$25,000/year 

Cost esbmates and associated assumpnons are provided in Appenhx G 
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cost 

The conceptual cost estlmate for the surface discharge optlon is 

Total capital cost 
Annuallzed O&M cost 
Total present worth cost 

$459,150 

$586,750 
!$4,800/year 

Cost esbmates and associated assumptlons are provided in Appendix G 

5 5 4 2 Discharge to Groundwater 

Descrptwn 

The seep will be covered with fill and contamed under the landfill cap, simlar to the 
surface-water discharge optlon However, thls option includes filling most of the pond 
with 10 to 20 feet of fill that would contam the seep water in the subsurface Figure 
5-3 shows a gradng plan for dscharge of the leachate to groundwater The fill would 
consist of a granular matenal with a permeability of 1E-02 cdsec  The fill would be 
placed in an area of the pond approximately 800 feet long by 50 feet wide near the edge 
of the landfill and 180 feet wide on the east side near the dam locatlon The fill may 
also contam organic matenal, such as animal manure or peat, to promote attenuatlon 
and degradation of the leachate contarmnants The volume and hydraulic conductivity 
of the fill is adequate to allow the leachate to flow from the seep location to the existlng 
alluvial groundwater flow system 

Eflectzveness 

This opuon would be effective in preventing subsurface water build-up under the cap 
and diverting and dmharging the leachate to groundwater By discharging the leachate 
to groundwater nsks to ecological receptors would be elimmated Ths option does not 
explicitly provide for treatment of the leachate however the contarmnant transport 
modeling (see Appendix D) shows that the leachate contarmnant concentrations are 
greatly attenuated and generally meet A R A R s  by the time the water in the subsurface 
reaches the point of compliance The addltlon of organic matenal will enhance thls 
degradauon 

Implementabde 

Construction of the optlon for leachate discharge to groundwater is straghtforward and 
would be sirmlar to constructing a large subsurface dram system or septic system This 
option is technically feasible and all the equipment matenals and labor required for 
construction are commonly avadable 
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cost 

A 2,lWfoot-long s h y  wall WOUM be con- usmg m Jitrr sod and bsntorute 
The wsfl would be 3 feet wide and w d v a r y  M depth from 10 to 33 f a t  wth 5 fect 
bemg keyed into weathtred bedrock It would be dcqncd to achxwe a hydrauhc 
cdum~ity of 1E-07 cdsec or less 

Total capital COS& 
Anoualrzed o w  cost 
Total present wolth cost 
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5 7  Summary of Screening 

Based on the screening of process opbons for GRAs for each medmm presented in the 
previous sections, the following process opbons will be used in developing 
alternatives 

Contanment Cap cross secbon E Single-bamer FMC with low-permeability soil 

Collection Passive collecbon layer with venbng pipes or gravel columns 

Treatment Monitonng of landfill gas with capability to add treatment if needed 

Leachate 

Collection Subsurface dram 

Treatment Engmeered wetlands 

Disposal Discharge to groundwater, dlscharge to surface water in combinabon with 
treatment 

Groundwater 

Contamment Slurry wall 

As recommended under the NCP, a range of alternatives was developed using the 
process options that passed the effectweness, implementabihty, and cost screening 
The retamed process options listed in Section 5 8 were combined to address the site as 
a whole The no action alternabve is presented as a baseline for companson 

0 Alternative 1 No acbon 

Alternative 2 Cap, Passive Gas Collection and Monitonng, Discharge to 
Groundwater 

0 Alternative 3 Cap Passive Gas Collection and Monitonng, Slurry Wall, Discharge 
to Groundwater 

0 Alternative 4 Cap, Passive Gas Collecbon and Monitonng, Engineered Wetlands, 
Discharge to Surface Water 

These four alternatives were c m e d  forward for detsuled analysis in Secbon 6 
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Table 5-1 
Summary of Landfiil Cover Components 

Vegetabon and Vegetation Cover Soil 

Lateral DrainageBiotc Barner Layer 

Barner Layer 

Gas Collection Layer 

General Grading Fill 

-#jlems ”: 

Growth media for cover vegetatm 

lnsulabon for barrier layer 

Limlts erosion of cover 

Al\ows drainage of water that mfiltrates 
through vegetabve cover 

Controls head build up on barrier layer 

Discharges water to perimeter drainage 
ditch 

Prevents intrusion by plants and 
burrowing animals into the underlying 
barner layer(s) 

Prevents infiltration of surface water into 
waste 

Prevents uncontrolled releases of gas 
from waste 

Allows collecbon and controlled 
discharge of gases at selected locations 
from beneath cover 

Fill to achieve design surface grades to 
promote runoff without erosion after 
settlement 

General fill 

Top soil at surface 

Tall preune Qrasses 

Granular sal (sand/grave\) 

Geotextlle 

Geonet 

Geocomposite 
(geote~le/geonet/geotextle) 

Flexible membrane cover (FMC) 

Geosynthetic clay liner (GCL) 

Compacted clay 

Geocomposlte 
(geotexble/geonet/geote~ile) 

Any locally available soil 
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Table 5-3 
Comparative Analysis of Capping Options Screening 

I Optron G Composite-Barner FMC and Clay I 3 3 6 I $11 7 I Eliminate I I I 
t i O h  

h’? raung was given b alvrnauves that did nor meet bas- effecu eness cntcna For altcmt ves that meet basic c n v n a  a raung of I 2 ir 3 was mrde h n g s  are defined below 

I Iniluauon 1 in Myearor more ’ I filuat on bewren I and IE 03 ncMvear 
3 Infilrrau k r w e m  1E-03 and lE-08 .nchlyear ’ 
defined k b u  

I 
2 
3 

N dong was gi e to Alvrnaoves that d d nor meel baF c implcmenmb lirv nvna A rauig of I ’ o 3 was ndrcawd f x  altcrnauves that mer bas] impkmenrabihry cnunn Rnungs are 

In I de nnn prn e connruct m marcn I 
Includes components mar are similar IO those n EPA guidance 
Foll w ex so g EPA guidance documents 

Subtoral I -  dddiuon of rdungs fnreffecoveness an3 implemen~abihty The highcr IIIC s btotal the bemr the altcmauve 

LkfiMborrr 

FUC flexible membrane cover 
W L  gensvntheu l a v l n e  
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a 6  Detailed Analysis of Alternatwes 

The purpose of the detaded analysis of alternatlves is to analyze existmg data and 
provide decision makers with sufficient information to adequately compare 
alternatlves, select an appropnate remedy for OU 7 and demonstrate that CERCLA 
remedy selecbon requlrements have been met (EPA 1988) 

The detaded analysis process consists of descnbing each alternatwe in sufficient detal 
to evaluate the alternatives using the rune CERCLA cntena and perfomng a 
comparatwe analysis among the alternatwes to assess the relatwe performance of each 
altematme with respect to the evaluatlon cntena (EPA 1988) The evaluaQon process 
presented here is more detaled than the effectweness, implementability, and cost 
screemng presented in Sechon 5 

Three alternatwes were developed through the screening process presented in Sectron 
5 The no-actlon alternative was retamed as a baseline for compmson Inshtuoonal 
controls are part of all alternames except No Action The alternatlves evaluated dunng 
the detaded analysis include the following 

Alternative 1 No Actlon 
0 Alternative 2 Cap, Passive Gas Collection and Monitonng, Seep Water Discharge 

to Groundwater 
Alternative 3 Cap, Passive Gas Collection and Monitonng, Slurry Wall, Seep 
Water Discharge to Groundwater 
Alternatlve 4 Cap, Passive Gas Collection and Monitonng, Engineered Wetlands, 
Seep Water Discharge to Surface Water 

As discussed in Sectlon 3, removal of the East Landfill Pond and removal and 
consolidation of the pond sediments and dam under the cap have been agreed to by the 
regulatory agencies and are included in all alternames In addbon, mbgabon of the 
wetlands is required for all alternames Therefore, these acbons will not be discussed 
in the evaluatlon of alternames, however, they are included in the cost estimates 

6 1  Screemng Process 

The NCP identifies nine critena to be used as evaluabon cntena in the detruled analysis 
of alternatlves EPA separates the cntena into three groups (EPA 1988) The first two 
cnteria are considered threshold cntena that relate to statutory requirements and must 
be met The next five cntena are technical cntena used to compare the alternaQves and 
balance the advantages and disadvantages The final two cntena are molfjmg cntena 
that will be evaluated by CDPHE and EPA after the public comment penod and will be 
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Short-term effectiveness addresses the nsks to human health and the environment 
dunng implementatlon of the remedal achon Ths cntenon evaluates protectlon of the 
community, constructlon workers, and the environment and includes an eshmate of the 
time requlred to complete construction 

Evaluatlon of implementability includes technical feasibility adrmnistratlve feasibility, 
and the avadability of services and matenals Ths cntenon includes potentlal 
dlfficulties associated with construchon and operation, reliability of the technology, 
ease of undertalung addltlonal remedial actlons if needed, likelihood of obtaning 
agency approvals steps required to coordinate with agencies, and avarlability of 
equipment specialists, and technologies 

Costs are evaluated using detaled estlrnates developed for each alternabve A present- 
worth analysis is used to discount all future costs to the current year to facilitate 
compmson among alternatlves The present-worth costs are based on a 3-percent 
hscount rate over a 30-year post-closure penod The detaled cost estlrnates are a 
combination and refinement of the conceptual cost estimates presented in Sectlon 5 

The regulatory agency acceptance cntenon addresses the concerns of the Natural 
Resource Trustees, including DOE, CDPHE, the U S Department of the Intenor (DOI), 
the state of Colorado Attorney General, and the state of Colorado Department of 
Natural Resources (CDNR) A Memorandum of Understandmg (MOU) (DOE 19940 
has been signed between the trustees and EPA to provide broad guidance for natural 
resource trustee cooperation at Rocky Flats under Sectlon 104 (b)(2) of CERCLA 
Ths cooperahve relatlonshp is intended to encourage an interchange of technical 
expertise and ensure protection and restoration of natural resources dunng plannmg and 
implementation of the IMmLA for OU 7 Potential environmental impacts of the 
remedial actlon and mtigatlon measures are addressed in thls document in accordance 
with the MOU and the NCP (40 CFR Part 300430) Comments from the regulatory 
agencies and the Natural Resource Trustees on the Phase I Revised Draft IM/IRA DD 
and the Proposed Plan will be addressed in the CAD/ROD 

The community acceptance cntenon addresses concerns rased by the public dunng 
public meetlngs and the formal public comment period As with regulatory acceptance, 
the community acceptance cntenon is not addressed in thls report Comments from the 
public will be incorporated into the CADROD 

6 2  Evaluahon of Alternahves 

Each of the four alternatives was evaluated using seven of the nine CERCLA cntena 
outlined above In accordance with EPA guidance, the modifjmg cntena (regulatory 
agency acceptance and community acceptance) are not used at thls stage of the 
screerung process (EPA 1988) The analysis of individual alternatives includes a 
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Descnptron 

EVtlluhtron 

mon-speclfic ARARs that are g e n d y  apphcabk for OU 7 do not nezcssanly 
apply for the no-actiBD dtemaf~ve Thrs @termtivc pose55 M) threat to wetlands 
(4OCFR Part 6) or to threatened and endtmgered species habxtat (CRS 33-2-101) 
Because the p d  wll be lefi mb-, j k d # m g  rcxprci-m~-fgt M g m g  under 
Secbon 404 of the CWA do not apply 
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Long-Term Effectweness and Permunence 

The no-acbon alternative does not reduce any of the nsks at the site The existing 
intenm cover and fencing will degrade and become ineffectlve over tlme The average 
annual leakage rate through the existing soil cover for the no-actlon alternatlve is 1 4 
inches A descnptlon of leakage rates is included in Appenhx F 

Reductmn of Toxlcty, Mobdty, and Volume Through Treatment 

The no-action alternative relies on natural degradation of contarmnants, pnmanly in the 
subsurface for any reducaons in toxicity or mobility There is no expected reducaon in 
volume of waste matenal or leachate 

Short- Term Eflectweness 

No constructlon or implementatlon is required, therefore, there are no short-term 
impacts to the community, workers, or the environment 

Implementabdrty 

The no-action alternauve requms no techcal implementabon However, because it 
does not meet closure regulatlons, adrrrrmstrative approval is unldcely 

cost 

The costs for Alternatlve 1, No Acuon, are 

Total capital cost 
Annualized O&M cost 
Total present worth cost 

$0 
$O/year 
$0 

Alternative 2 Cap Passive Gas Collection and Monitonng, and Seep Water Discharge 
to Groundwater 

Description 

Alternative 2 consists of institubonal controls a single-bamer FMC cap with a 12-inch 
layer of low-permeability soil, passive gas collecbon with monitonng, and discharge of 
the seep water to groundwater The presence of the low-permeability soil gives the 
cover system some of the benefits of a composite cover without the stnct installation 
requirements of a full clay liner The bamer layer is an FMC with a permeability of 
approxlmately 1E-13 cdsec Thls cover section is illustrated in Figure 6-2 

The seep will be covered with fill and contamed under the landfill cap This opaon 
includes filling most of the pond with up to 10 to 20 feet of fill that would contam the 
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The East Landfill Pond will be removed, and the Sedrnreatsaaddarnwlllbe 
removed and used as general tiil under thc CaPpeQ ama rrf &@idGB Thc exlsgng 
passive seep water cdlcct~cm and treatmtpt system insta3led rrrpa&t ofit# PAM will be 
removed and disposed in the lmd€3l The proposed gm&ng plqn is &own on Figme 
6-3 The location of the emmg seep would be covemi WI& fi3l atti capped 

Soil material will be reqwed to buttress unstable slop. Tftc mated wdl be pked 
by ibst establishing a bench of material on the &mer toe o f  biope ~EZE#. AdQtHlnal 

design elevation IS reached Tnmmurg opc,nrtrons kgm I t b  top of tbe slope and 
progress downward to remdve excess mated la seep atas, a -el layer will be 
constructed below the gdmg fill or cover scctlon 

ri 

material Wlll then be p k ? d  in amforin hfts gradwly up sr;aae rmttl the 
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Reroutzng of the Su~me- Water Draznage Drtch 

The existing perimeter surface-water dramage htch was incorporated into the cover 
design to collect surface-water runoff from the cover and to mtercept surface-water run- 
on to the landfill The capacity of the existing ditch is adequate for the expected design 
flows from the cap and surrounding area Select poruons of the penmeter &tch will be 
rerouted to accommodate the gradmg plan (Figure 6-3) 

Land’ Cap 

The cover cross section recommended in Section 5 consists of five layers general fill, 
gas collection, low-permeability soil, FMC, dramagehiouc and vegetative The 
purpose of these layers is dscussed in Secbon 5 Construcbon of individual cover 
layers is descnbed below 

Fill Layer 

Construction of the cover will begin with placement of general fill Thickness vanes 
from 3 to 15 feet, depending on the gradmg plan The gradmg plan is designed to 
promote dramage off the cover to the penmeter dramage l t c h  In central areas of the 
cell, where design elevations are greatest, the fill will be thxkest In lower elevation 
areas near the penmeter of the cell, fill will be thmner 

The gradmg of the fill layer was deterrmned by two factors the upper bound for the 
slope is based on stability and erosion control and the lower bound is based on 
adequate surface-water dramage after settlement, as hscussed in Secbon 5 3 1 3 
Based on these conditions, approximately 52,400 yd3 of fill will be placed over the 
capped area 

The thickness of the general fill may also be affected by the final waste configurauon 
It is assumed that the OU 7 landfill will be closed in Apnl 1997 

It is likely that onsite alluvial matenals are sausfactory borrow sources for fill matenal 
(EG&G 1994d) Special preparation of ths matenal is generally not requmd except 
for the top 6 inches of the placed layer In th~s area the fill matenal should be free of 
rocks or particles larger than 1 inch to prevent puncture of the geosynthebc layer of the 
gas-collection system 

Gas-Collection Layer 

A composite made up of geonet with filter fabnc on each side will be rolled out over 
the general fill for gas collection The geonet will be sandwiched between two layers 
of filter fabric to prevent fines from clogging the geonet The composite panels will be 
overlapped, heat bonded or tied together 



OU 7 Revised Draft IIWfR.4 DD Md Closure Plan 

FMC Layer % 

The dlwxmge layer cmposite gmnet and fibs fabric wdl be places over thc FMC 
The Iowa filter fabrrc will provide a cushia so that thegemnet hoes not damage* 
FMC Panels w d l k  overlapped, heaf bonded, or tied 

Vegetahve and Tbpsoil Layers 

Placement of sod matend on Beosynthwc layers can cao~e dPmROt, to tbc gwsphtlc 
material d not done properly Typically, soil mater4 s pkcd td- hffs, generally 
2 to 3 feet, and spread with km ground pressure eqmpmc%it Care must be taken not to 
cause the geusynthe~c matend to wmkle dunng sod p k e m t  aed to maintam 
adequate MI thckness to reduce the chance of puncnrnnotbcmatcnal 
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borrow areas are detemned, a revegetahon plan will be developed 
occurs in late fall 
following spnng 

Revegetation 
Seeds remam dormant through the winter and gemnate the 

Seep Water Drscharge to Groundwater 

The conceptual design for discharge of seep water to groundwater includes up to 10 to 
20 feet of granular fill with a permeability of approximately 1E-2 cdsec  extendmg 
approximately 800 feet down the dramage Near the edge of the landfill, the fill would 
be 50 feet wide and then expand to 180 feet wide on the east end near the dam location 
Dunng Title II design, considerahon would be given to addmg organic matenal, such 
as animal manure or peat (probably 1 to 3 percent by weight), to promote natural 
attenuanon of the leachate contarmnants prior to reachmg the point of compliance 

Decontuminatron 

Decontarmnahon achvihes for personnel and equipment are expected to be mnimal 
because no waste excavahon IS planned Constructlon and other equipment used 
dunng landfill closure activihes will be decontarmnated at the man decontarmnation 
facility at Rocky Flats as needed A r  quality momtonng will be conducted penodically 
by contractor and site personnel to ensure that workers are not exposed to potentially 
hazardous matenals If momtonng indicates the presence of hazardous materials, 
appropnate personal protective equipment (PPE) will be used, and decontarmnation 
procedures will be followed Ths  may include the establishment of dfferent 
contarmnahon level zones and contarmnahon reduction zones in the OU 7 work area 

Cert@atwn of Final Closure 

Construction achvihes are typically summanzed in a final cemficahon report, whch is 
prepared by the hrd-party CQA contractor All facets of the cover installahon 
matenal testing, and final as-built drawings, etc will be included in this report 

Evaluation 

Overall Protectwn of Human Health and the Environment 

Alternanve 2 provides protechon of human health and the environment by meehng all 
RAOs, except controlling the groundwater at the source The cap will prevent drect 
contact with the landfill contents Secunty measures will limt access to Rocky Flats 
Fencing and other instituhonal controls will limt access to the landfill at OU 7 The 
cap will rmnimze infiltration and limt leachmg and contarmnant loadmg to 
groundwater The cover was designed to lrect  the majonty of the surface-water runoff 
to the surface-water dramage l t c h  and the reminder down the dramage to No Name 
Gulch The cover will be graded and revegetated to lirmt erosion to 2 tons/acre/year A 
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Promotes dramage and mnimzes erosion or abrasion of the cover 

0 Accommodates settling and subsidence to mantam the integnty of the cover 

0 Has a permeability less than or equal to the permeability of any bottom liner system 
or natural subsoil present (1E-06 to 1E-07 cdsec) 

The single-barrier FMC with low-permeability soil cover has a permeability of 
approxlmately 1E- 13 cdsec 

The cover for Altematlve 2 meets all of the regulatory requirements for closure but 
does not follow EPA guidance for a RCRA Subhtle C cap (EPA 1989e) Construchon 
procedures dunng installahon of the landfill cap meet requlrements of the Sod Erosion 
Dust Blowmg Act (CRS 35-72-101) 

Long-Term Effectweness and Permanence 

The landfill mass, wluch is the source of contarmnahon, will reman in place 
However, nsks due to dlrect contact with waste matenal and leachng of source 
contarmnants into the groundwater will be mnimzed by the cap and institutlonal 
controls Potential nsks to human and ecological receptors from the dmharge of the 
seep water to surface water would be mnirmzed by elimnahng the exposure pathway 

The effectiveness of dlschargmg seep water to the alluvial groundwater will be heavily 
dependent upon the final design of the system It is possible that the flow could surface 
dunng high-flow conditions or that the effectlveness of natural attenuahon could 
decrease due to accumulation of loadmgs An in-depth analysis and design to address 
these issues will be part of the Title II design However the groundwater contarmnant 
transport modeling (Appendlx D) provides very conservahve concentraoon estimates 
by simulating conhnuous mass loadmg at the source The results of the modeling 
indicate low concentrations at the compliance boundary 

The FMC barrier is considered a proven technology and, if properly installed and 
mantaned, will be effectlve over the 30-year life of the project In addltlon, thls 
alternative has a second, low-permeability layer to act as backup, whch increases the 
reliability of the technology The average annual leakage rate for Altematlve 2 is 
0 00016 inches A descnphon of cap leakage rates is included in Appendix F 

Mantenance of the cap is not dfficult or labor intensive but inspections must be 
conducted on a penohc basis If porhons of the cap are damaged these areas must be 
repared immediately DOE is responsible for conducting routine sem-annual 
inspections of the final cover surface-water dramage ditch, surveyed benchmarks, 
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risks to the community and site workers are mnimal The possibility exists that 
workers could be exposed to contammauon accidentally however proper use of PPE 
would limt potenhal exposure 

Dust will be generated dunng excavanon, transport, and placement of fill, the gravel 
layer for seep dlscharge, the low-permeability soil layer, and the vegetahve layer The 
dust emssions will be controlled by water spraymg or possibly soil binders 

Dmng constructlon, there is potenual for increased erosion and, therefore, increased 
solids loadmg to the surface-water dramage dltch Erosion of the cover soil will 
dimnish as vegetahon becomes established on the surface Unhl that time, however, 
berms and hay bales will be used to intercept surface-water runoff and prevent the 
offsite transport of solids Erosional features such as d l s  and gullies will need to be 
repired Thls post-closure mamtenance work will involve importahon and placement 
of top-soil matenal Earthwork equipment and manpower to spread matenal in the 
required areas will also be necessary The extent of a s  repan work will be largely 
dependent on the seventy of the weather 

Construcuon of Alternahve 2 would be complete withm one year 

Implementabzhty 

Installing an FMC is a labor-intensive operation that includes extensive CQA 
However, industry standards are well developed and companies specializing in 
installauon of geosyntheucs are readdy avadable 

The long-term durability of FMCs has been evaluated through field teshng of actual 
installations and through laboratory compatibility testing designed to simulate exposure 
to leachate for long penods of time Both PVC and HDPE have been proven reliable as 
bamer layers for at least 30 years The FMC component will be covered with a 36- 
inch-hck vegetauve soil whrch prevents exposure of the FMC to ultraviolet ra&ahon 
and prevents punctures by plant roots and burrowing animals 

The FMC will be exposed to surface water that infiltrates through the vegetahve soil 
and to landfill gas The ram water will be nonhazardous and the gases are expected to 
contam only low concentrabons of hazardous components 

The low-permeability soil will be placed on top of the gas-collecuon layer and spread 
in a single 1-foot lift The surface of the 1-foot lift will be compacted and rolled to 
form a smooth, low-permeability surface for placement of the FMC Some mnor 
grading of the low-permeability soil may be required to mantam surface grades and 
prevent ponding Addition of the low-permeability soil will increase the reliability of 
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cost 

The c ~ s t s  for Alternative 2, Pyawe Oas Cdlqctmn tu& a 
Bschrrge to Groundwater, are 

Total capital cost 
Annuahzed O&M cost 
T o t a z p ~ ~ t w ~ c o s t  
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Construcbon of the cap and gravel layer and fill for discharge of seep water to 
groundwater are the same as for Alternabve 2 The slurry wall will be constructed in a 
vemcal trench that is hydraulically shored by the addlbon of a slurry to prevent 
collapse A 2,100-foot-long, 3-foot-wide trench will be excavated using a backhoe 
Bentonite slurry will be pumped into the trench just after it is opened and mantaned at 
a level near the top of the excavation The trench will be keyed 5 feet into weathered 
bedrock The depth of the trench will be venfied by exarmnabon of the excavated 
matenals by a geologist After a sufficient length of the trench has been dug to the 
required depth, it will be backfilled with a mxture of soil and bentonite A bulldozer 
will be used to mx the excavated soil and bentonite slurry into a consistency simlar to 
wet concrete and push it back into the trench Excavatlon and backfilling will be 
phased to make the operation contlnuous with relatlvely small volumes of slurry 

The slurry wall will not be physically tied into the existlng groundwater intercept 
system because the tle in would require excavabon of existlng waste that was used to 
backfill the leachate collection trench Instead the slurry wall will extend 100 to 200 
feet beyond the groundwater dlvide on the west side of the landfill where groundwater 
flow splits and is diverted to the north and to the south On the east, the new slurry 
wall will end near the end of the existing slurry wall Particle traclung shows that 
flows lverted to ths point will flow into No Name Gulch downgradlent of the eastern 
edge of the landfill mass 

6 2 3 2  Evaluation 

Overall Protectwn of Human Health and the Envwonment 

Alternatlve 3 dlrectly addresses all RAOs The cap, fence, and insbtutional controls 
will prevent lrect contact with the landfill contents The cap has a permeability of 
approximately 1 E- 13 cdsec and therefore mnimzes infiltrabon and the resulbng 
leachmg to groundwater The surface will be graded and revegetated to control 
surface-water runoff and erosion A gas-collectlon system will be designed to control 
landfill gas Gas treatment may be added if warranted dunng post-closure monitonng 
Treatment of leachate is addressed indlrectly through natural attenuatlon by dlscharge 
of the seep water to groundwater The slurry wall will divert groundwater around the 
landfill thus decreasing leachate generation and potenbally contarmnant concentrabons 
and loalngs 

The cap and slurry wall will provide protection over the 30-year life of the project 
Because there is no planned excavation into the landfill waste, short-term impacts are 
mnimal 
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It is not anticipated that any of the components wdl llbcd to be replaced dunng the post- 
closure penod, provsdd the cap =elves p a h e  uspcctmm and q a m  as descrrt>ed 
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under Alternauve 2 Groundwater monitonng and five-year reviews are also lscussed 
under Alternative 2 

Reductwn of Toxrcrty, Mobdrty, and Volume Through Treatment 

There is no actlve treatment with this optlon However, leachate generatlon and 
mgration will be reduced because the cap elimnates vertical infiltrabon of 
precipitation and surface-water flows and the north slurry wall will reduce honzontal 
inflow through the alluvium and artificial fill 

As presented in Appenlx C a water balance was performed for the landfill mass using 
the MODFLOW (McDonald and Harbough 1991) computer model with site-specific 
data For the no-actlon scenano, the water balance calculatlons indcate that 
approxunately 40 percent of the inflow to the landfill is upgralent groundwater from 
the alluvium and 60 percent is recharge by infiltratlon of precipitauon Most of the 
groundwater inflow (93 percent) occurs on the north side of the landfill Contnbubons 
from the west side (less than 1 percent) and the south side (7 percent) are relatively 
insignificant The water balance for Alternatlve 3 (the cap and slurry wall scenano) 
inlcates that the construction of a 1E-07 cdsec  slurry wall on the north side of the 
landfill would reduce honzontal inflow from 0 77 gpm to 0 34 gpm Total inflows and 
outflows would be reduced from 1 97 gpm for the no-actlon scenano to 0 38 gpm for 
Alternatwe 3 The water balance shows that the proposed engineered cover system 
combined with the north slurry wall would effectlvely reduce water inflow and leachate 
generatlon 

A significant reduction in saturated thickness (from approximately 15 feet to 4 feet) of 
the waste matenal and the elirmnauon of much of the seasonal vanability of leachate 
flow rates are expected Ths reduction of saturated waste hckness, elirmnation of 
seasonal vanability and elimnation of vemcal infiltration flows through waste above 
the water table and honzontal groundwater flows will result in reduced contarmnant 
loading to groundwater 

There will also be a decrease in toxicity and mobility of contarmnants over bme due to 
natural attenuation processes including lspersion, biodegradabon, hydrolysis 
oxidatlon, and volatllizauon in the alluvial groundwater 

Short- Term Effechveness 

Because the slurry wall is not keyed into the existmg groundwater intercept system, no 
excavatlon into potentlally contaminated areas is antlcipated Therefore with proper 
use of PPE risks to the community and site workers are rmnimal 
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The site condltlons at OU 7 are conducrve & COnstruCtlOg a€ the slmry wall The area 
w k r e  the slurry wall will be mstal~ed is relattvely feVel ,%&is is $cccessary &cause 
both the sluny and the backfill will flow undtr stress sdkiant work miit 

along the trench for mxlng and placing tbe klcW '&aepth- rr?quued to key the 
slurry wall mto weathered bedrock wdl not re~utre any s p e d  equrpmtnt 

* 
As widi the cap, proper quahty control is -mal lategnty o f  the slurry waU IS 

dependent on trench cmtrnwty including the key into b c t h ~ k  aad the qlrafity d 
umfomty of the bacWdl q&turp: A CQA p h  wlu be part ofbTitk Izchgn 

brutory  testing has been cxmducted fm OU 7 groun$water rtnd so11 to &termme the 
mix r e q d  to produce the design pekeibihty of E%-'7 d ' p o  enswe co-bhty 
with any chemcals p-mnt in the ground- Two @ ~ G S  of -& w a  r m ~ e d  
with &il collected from the site at 2,4, and 6 ~ C I C ~  by WE@& ' m * & Q  test@ 
was performed at two different hy&auk gradients 2 psi a i d  4 psi (qual to 
approxrmately 4 6  and 9.2 Eeet of &ffe&tlal h- head, reSpechve€y) 
Groundwater from the ate was collected a& used as tb pmmmcat 
the bentomte sod mixture's permeabxhty The mule of thrs tesfang indicate that 
labratory mix& samples could attam perm&d&ty values Iri €he range of E-8 cdsec 
for bo$h types of bentomte 

The &ectrveness of the &ernatwe w d d  be evaluated as part of the post-closure 
monitoring program as described in Sectm 8 

to 
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Cost 

The costs for Alternatlve 3, Cap, Passive Gas Collecuon and Monitonng, Slurry Wall, 
and Seep Water Discharge to Groundwater, are 

Total capital cost 
Annualized O&M cost 
Total present worth cost 

$10,528,800 
$6 l,500/year 
$1 1,735,200 

Detiled cost estunates are provided in Appenlx G 

6 2 4 Alternauve 4 Cap, Passive Gas Collecuon and Momtonng, Engineered Wetlands, and 
Seep Water Discharge to Surface Water 

6 2 4 1 Description 

Alternative 4 consists of institutional controls, a single-bamer FMC with a 12-inch 
layer of low-permeability soil, passive gas collection and monitonng, engineered 
wetlands, and discharge of seep water to surface water The engineered wetlands 
would be designed so that the lscharge will meet surface-water ARARs The 
approximate locabon of the wetlands is shown in Figure 6-5 

Construction of the cap is the same as for the other altemahves 

A gravel dramage layer would be constructed under the fill and cap from the seep 
downgrdent to the east to the inlet of the wetlands treatment system below the edge of 
the cap The conceptual design indicates that t h s  dramage layer would consist of an 
area approximately 40 feet wide 100 feet long (sloped at a mnimum 2 percent), and 
2 to 4 feet b c k  using a free-draning clean gravel with a permeability of 1E-1 cdsec  
The gravel layer would daylight near the east slope of the fill lrectly into a subsurface 
dram and inlet piping system for the wetlands treatment system Ths layer will allow 
dramage of seep water to the treatment system and prevent build-up of liquids under 
the cap 

A manifold would Istribute influent flow to the wetland area The aerobic, surface- 
type wetlands would consist of basins or channels with a soilhubstrate and shallow 
water as required to support the wetlands vegetauon An impermeable liner under the 
substrate is used to prevent seepage The basins are sloped at a mmmum 2 percent to 
the outlet to provide passive flow through the system whle msuntaning adequate 
detention bme 

The outlet structure controls the water level in the wetland If icing is expected dunng 
the winter, deeper wetlands will help mantam treatment levels Dunng the Title II 
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been approved by EPA and is presently being reviewed by COE The alternative will 
meet dredge and fill requlrements under Section 4-04 of the CWA 

AcQon-specific requirements under the CHWA, inclulng closure requirements and 
post-closure mamtenance and groundwater-momtormg requirements, would be met 
The cap design does not comply with EPA guidance for Subtitle C However, it is 
equally protecbve Constructlon procedures will meet the requirements of the Soil 
Erosion Dust Blowing Act (CRS 35-72-101) An NPDES pemt  would probably also 
be requlred for lscharge of effluent to No Name Gulch 

Long-Term Effectrveness and Permanence 

The landfill mass whch is the source of contarmnaoon, will r e w n  in place 
However, nsks associated with d u e t  contact with waste and leachmg of source 
contarmnants into the groundwater will be mnimzed by the cap and instltutional 
controls Long-term nsks to human and ecological receptors would be rmmrmzed by 
treatmg the leachate pnor to surface-water discharge 

As lscussed for Alternative 2, the cap is considered a proven technology and is 
expected to be effechve over the 30-year life of the project However, engineered 
wetlands are generally considered innovative due to lack of long-term operating 
expenence In adhtlon, the wetland vegetation will require harvestmg, sedlment would 
probably requlre removal, and vegetaaon will be replanted every three to five years 

Groundwater monitoring and five-year reviews are also discussed under Alternatlve 2 

Reductwn of Toxrc@, Mobal@, and Volume Through Treatment 

Leachate would be treated using the engineered wetlands Several mechmsms are 
responsible for the removal of contarmnants in wetlands systems Some of these may 
be reversible such as resuspension of precipitates dunng hgh flow conltions 
Residuals of the process include metal precipitates and plants and sehment with hgh 
metals concentrations It is anhcipated that these residuals may have to be removed 
every three to five years would be classified as RCRA hazardous waste, and would 
require Subtitle C dsposal However, careful testmg and removal of the plants and 
selments pnor to becomng hazardous could prevent h s  

In addition leachate generation and mgrahon will be reduced because the cap will 
elirmnate vertical infiltration of precipitation and surface-water flows As presented in 
Appendix C, a water balance was performed for the landfill mass using the 
MODFLOW (McDonald and Harbough 1991) computer model with site-specific data 
The water balance shows that the proposed engineered cover system would reduce 
water flows in the landfill and leachate generation 
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63 I 

The reliability of the engineered wetlands is uncertam The technology is considered 
innovative and adequate long-term operatlng data are not available to optlmze the 
design and operaaon for consistent compliance with A R A R s  

The ease of undertalung addmonal actlons if the wetlands do not meet A R A R s  is 
dependent on the extent of the falure Increasing the size of the wetlands would be 
relatively straghtforward However constructlon of an alternate treatment facility 
would be tlme consumng and costly 

Regulatory agency and public perception of wetlands tends to be very posihve No 
difficulty in gemng approvals is anticipated 

The effectlveness of the alternauve would be evaluated as part of the post-closure 
monitonng program as descnbed m Sectlon 8 

cost 

The costs for Alternative 4, Cap, Passive Gas Collection 
Wetlands, and Seep Water Discharge to Groundwater are 

Total capital cost $9 469 900 
Annualized O&M cost $102,200/year 
Total present worth cost $1 l,464,2OO 

Detaded cost estimates are provided in AppenQx G 

Comparative Analysis 

and Momtonng, Engineered 

In the previous sectlons, each of the alternatives was evaluated individually using the 
seven CERCLA critena Ths section provides a relative comparrson of their 
performance based on the same cnteria The purpose of h s  analysis is to identlfj the 
strengths and weaknesses of the alternatives relatwe to each other 

Overall Protection of Human Health and the Envlronment 

Alternatlves 2, 3, and 4 are protectlve of human health and the environment 
Alternative 3 is the only alternative that dlrectly addresses the RAO to control 
groundwater at the source However groundwater modeling shows that whle the cap 
elimnates over half of the 2 gpm total flow the slurry wall decreases groundwater flow 
by only an additional 0 57 gpm The cap alone is expected to reduce the saturated 
thickness of the waste, elimnate much of the seasonal vanability of the flows out of the 
landfill and virtually elimnate vemcal infiltratlon flows through unsaturated waste 
above the water table The only benefit of the slurry wall is some addmonal reduction 
of saturated thckness in the waste Generally, decreasing the flow is desirable to 
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associated with the long-term performance of the wetlands system are greater 
Alternatwe 4 would also requlre penodic mmntenance 

Potentlal long-term human health and ecological nsks from leachate dmharging to 
surface water would be elimnated with AlternaDves 2 and 3 by elimnat~ng the 
exposure pathway They would also be mnimzed with Alternatwe 4 by treatlng the 
leachate but the long-term effectiveness of h s  optlon is not known 

6 3 4 Reduction of Tomcity Mobility and Volume 

Only Alternative 4 (with engineered wetlands) includes treatment explicitly However, 
Alternatives 2 and 3 reduce toxicity through natural attenuauon All three alternauves 
reduce volume and toxicity by capping The cap elirmnates over one half of the 2 gpm 
total flow The slurry wall proposed in Alternatme 3 will decrease groundwater flow 
by an addtiondo 57 gpm Capping may also reduce toxicity by reducing the average 
depth of saturated waste from 15 to 8 feet (as estimated by MODFLOW modeling), 
elirmnate much of the seasonal vanability of the flows out of the lanfiill, and virtually 
elimnate vertical infiltration flows through unsaturated waste above the water table 
The slurry wall wdl reduce the depth of saturated waste an addtlonal4 feet 

6 3 5 Short-Term Effectlveness 

None of the alternatives present a significant danger to the community, construction 
workers or the environment dunng construction Fugitive dust and erosion are readly 
mtigated using standard construction techniques 

6 3 6 Implementability 

Alternatlve 2 rates the hghest with regard to implementability Alternative 3 is the 
same as Altername 2 with the adduon of the slurry wall wluch, once constructed 
requires no O&M The wetlands alternative requires that vegetation be established and 
that sediments and vegetation be removed and hsposed (possibly as a RCRA waste) on 
a penodic basis Necessary equipment and specialists are avmlable for all alternatives 

Wetlands are often favored by the public and regulatory agencies However, approval 
would be expected for all alternatives 

Monitonng the condition of the cover will be the same for all alternahves Detals of 
inspections and mmntenance are presented in the OU 7 Post-Closure Plan (Sectlon 8) 
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I Table 6-2 s-t8e detailed cost &mate The t~&& psegenf 4 costs for the 
dtemahves am 8s folfows 

* 

6 3 8 Surrrmiary of Comparattvc M y a s  

Based on the above cmmpmmn, A l m v e  2, Singk-Bamer FMC with Low- 
Permeabhty Sod Cover, Passwe Gas Cotktmn and MQ-~, and Seep Water 
Discharge to Groundwater, rates the hghest d IS the p€d I&fARA for OU 7.. 
Thts alematwe is cfiscussed m detad in Secttoa 7 

c 



OU 7 Revised DraF IM/IRA DD and Closure Plan 

Primaty Balanclng Criteria 

Long Term Effectiveness and Penanence 

Reduction of Toxicity Mobility and Volume 
(TMV) Through Treatment 

Short Term Effectiveness 

Table 6-1 
Evaluation Cnteria for the Detailed Analysis of Alternatives 

Magnitude of resldual nsk 

Adequacy and reliability of controls 

Treatment process used and matenak treated 

Amount of hazardous matenals destroyed or 
treated modeltng and engineenng judgment 

Degree of expected reduction in toxzny 
m&My and volume 

Degree to whlch treatment is irreverslMa 

Type and quanhty of residlials remaintng alter 
treatment 

Protection of communtty dunng implementation 
of remedial actions emission modeling 

Protection of workers dunng implementation of 
remedial actions 

Enwronmental impacts dunng implementatm of 
remedial actions 

Time until remedal achon oqecbves are 
achieved 

Engineenng judgment HELP analysis erosion 
analysls settlement analysis 

Treatment of landfill waste IS not part of the 
presumptive remedy 

Reduction in TMV of leachate based on 

Reduchon in TMV of leachate also based on 
treatment using engtnsered wetlands and 
natural attenuation m groundwater 

Engineenng judgment air quality modeling gas 

Threshold Criteria 

Overall Protection of Human Health and the 
Environment 

Technical feasibiltty 

Compliance with ARARs 

Construction and operation reliability 
monitonng effmveness and ease of addtonal 
remdal action 

Addresses RAOs long term effmveness and 
permanence short term effectiveness and 
compliance with ARARs 

Chemical Spectfic ARARs 

Locahon Spaclflc ARARs 

Action Speck ARARs 

Focused nsk evaluabon ARARs engineenng 
judgment 

Federal and state standards 

CWA 40 CFR 6 3 02[a] (wetlands) Endangered 
Specles Act 

RCRA and CHWA closure air emission water 
discharge and groundwater montoflng 
requirements 

EPA guidance on RCRA Subtrtle C caps Compliance with other cntena advlsones and 

:ost 

Administrative feasibiltty 

Availability of servlces and matenals 

Regulatory approval and coordinatlon wRh other 
apencles 

Onslte treatment storage and disposal 
capacity equipment and specialists and 
prospectwe technoloaes 

Capital costs (direct and indirect) , Detailed cost esbmates 

Annual OBM costs 

Total present worth costs 

Implementability 
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7 Recommended Alternative 

The detaded analysis of alternahves and the comparahve analysis presented in Sechon 
6 hghlight the relative advantages and dsadvantages of each alternahve to idenhfy key 
tradeoffs Tradeoffs coupled with nsk management decisions serve as the basis for 
selection of the preferred alternahve The recommended alternatlve is Alternahve 2, a 
single-bamer cap with FMC and low-permeability sod 

A draft Proposed Plan was developed to present the selechon of the recommended 
alternahve and is an attachment to h s  report The Draft Phase I IM/IRA DD, along 
with the Proposed Plan will be submtted for public review and comment in March 
1996 Results of the detaded analysis support the final selectlon of a remehal achon 
and the foundation for the CADROD for OU 7 

The objechve of h s  sechon is to descnbe the components of the recommended achon 
in detal and to document how the final RAOs, ARARs, and other regulatory cnteia 
are met Prelimnary design analyses have been completed to support the selechon for 
most of the major design components that are descnbed in h s  sechon Addihonal, 
more detaded design analyses will be completed as part of the Title 11 design 

71 Descnption 

The recommended alternahve for OU 7 is Alternative 2 whch consists of a single- 
bamer cover over the Present Landfill (MSS 114), Inachve Hazardous Waste Storage 
Area (MSS 203), and asbestos-disposal areas, inshtuhonal controls to prevent 
unauthonzed access, and discharge of seep water to groundwater 

The recommended instituhonal controls as previously discussed in Sechon 5 2, consist 
of the following components 

Groundwater use restnchons 
Groundwater monitonng 
Landfill gas monitonng 
Public education 
EPAreviews 

Land use and access restnchons 

The cover consists of the followmg layers 

36-inch vegetahve-soil layerhiotlc bamer 

FMC bamer layer 
Geocomposite lateral-dramagehiohc barrier layer (geonet and filter fabnc) 
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7 2 1  

remehation and the resultant reducQon in leachate generaaon is mnimal relative to the 
reduction due to the cap Groundwater will be monitored at the point of compliance for 
a post-closure penod of 30 years 

Soil downgrahent of the landfill does not require remediation because human health 
risks are insigmficant and risks to ecological receptors are mmmal 

Design Requirements 

Design of the landfill cover must consider all RAOs, ARARs, and requmments set 
forth by 6 CCR 1007-3 Part 265 310 The regulatory requirements are broadly based 
and allow for indwidually tilored designs to meet site-specific conlhons such as 
climate, topography, and waste charactenstm Thls secbon descnbes how the RAOs, 
ARARs, and guidance requlrements are met for the recommended alternative 

Compliance with RAOs 

In order to meet the overall objective of protecting human health and the environment, 
RAOs developed in Section 3 must be met All of the RAOs are for presumpuve 
remedy components of OU 7 and are specified in EPA guidance (EPA 1993a) Mela- 
specific RAOs for other components were developed using exposure pathways, nsk, 
and compliance with ARARs Meha-specific RAOs were elimnated from the final 
response actlon because (1) there is no nsk to the potentlal receptor (2) analytes do not 
typically exceed ARARs or (3) the exposure pathway is incomplete The final RAOs 
for OU 7 are as follows 

Prevent direct contact with landfill contents 
Minimze infiltration and resulting contmnant leachmg to groundwater 
Control surface-water runoff and erosion 
Control landfill gas (treat as needed) 
Collect and treat leachate at the source (as needed) 
Control groundwater at the source 

Alternauve 2 addresses all of the RAOs except the last two Control of groundwater at 
the source and collectlon and treatment of leachate are not requxed 

Direct contact with soil or waste material in the Present Landfill Inactive Hazardous 
Waste Storage Area, and asbestos-hsposal areas is prevented by the landfill cover 
Because the continued effectiveness of the continment remedy depends on the 
integrity of the conmnment system, institutional controls are necessary to prevent 
access to the site A deed notation under CHWA limts future development of the 
landfill area Contarmnant leachmg is decreased by reducing infiltrahon of 
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frequency of exceedances is very small For the leachate A R A R s  are exceeded for 
iron manganese zinc, napthalene, and methylene chlonde However, contmnant 
transport modeling has shown that these concentratlons are greatly attenuated dmng 
mgrahon in the alluvial aquifer and will meet ARARs at the point of compliance over 
the 30-year post-closure penod 

7 2 2 2 Location-Spec& ARARs 

Locanon-specific ARARs for OU 7 are met Construction of the recommended 
alternative will be conducted in a manner that mmmzes destruchon, loss, or 
degradation of wetlands (40 CFR 6 302[a]) A wetlands assessment is included in thls 
section of the report in accordance with 40 CFR Part 6 and with wetlanddfloodplsuns 
envlronmental review requirements under 10 CFR Part 1022 Drsunmg water from the 
pond to dry out the area before construction is considered dredgmg and tnggers 
substannve requirements for a perrmt under Section 404 of the CWA 

Wetlands Assessment 

Wetlands Effects 

Placement of and removal of fill to acheve design grades covers approximately 0 8 
acres of wetlands 

Mitlgation of Wetland Impacts 

Acreage from the 8-acre wetlands magatlon bank proposed for development adjacent 
to the Standley Lake Protection Project is used to mtigate loss or injury to wetland 
areas, pending final approval of the project Wetlands rmtlgatlon is based on a 3 1 
mtigation-to-injury raho As a result, 2 4 acres of wetlands are mtigated for closure of 
OU 7 

7 2 2 3 Action Specific ARARs 

Action-specific A R A R s  include requirements for closure, izlr emssions, and 
groundwater monitonng 

Closure Requrrements 

Because hazardous waste was disposed in the landfill after 1980, the cover is designed 
to meet RCRA Subtltle C design requirements The proposed action must meet the 
following requirements for landfill closure under CHWA (6 CCR 1007-3 Part 
265 310) 

0 Provide long-term mnimzation of rmgratlon of liquids through the closed landfill 
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The permeabihty of the FMC baintr layer is iE-13 ad- whch 1s less than the 
permehihty of natural subsods at the l d i  (1E-06 to 1E& cdsec) 

EPA has issued vanous grudance documeats on the dags rmd c o m t m n  of cover 
with state and federal systems for hazardous waste fads- "itas documents, 

regulutlons for closure, are as follows - 

0 CHWA Hazardous Waste-Regulatm, 6 CCR 1W-3, CdiOradaDepartment o f  
Health, August 1992 
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0 U S Environmental Protection Agency Techmcal Guidance Document Covers for 
Uncontrolled Hazardous Waste Sites, EPA/540/2-85-002, September (EPA 1985) 

U S Environmental Protechon Agency Draft Minimum Technology Guidance on 
Double Liner Systems for Landfills and Surface Impoundments - Design 
Construchon and Operations, EPN530-SW-85-014 Apd  (EPA 1987b) 

U S Environmental Protection Agency Technical Guidance Document Final 
Covers on Hazardous Waste and Surface Impoundments, EPN530-SW-89-047, 
July (EPA 1989d) 

U S Envlronmental Protechon Agency Techcal Guidance Document Quality 
Assurance and Quality Control for Waste Contanment Facilihes, EPA/&OO/R- 
93/182, September (EPA 1993c) 

Table 7-1 provides a summary of EPA guidance criteria for design of landfill cover 
systems, which addresses the vegetaQve cover, dramage layer, and barner layers 
Table 7-2 descnbes how individual design components of the recommended alternahve 
address closure requirements and EPA guidance Because the landfill waste remans in 
place the post-closure requirements of 6 CCR 1007-3 Parts 265 117 through 265 120 
apply Detals of the 30-year post-closure care penod are presented in the OU 7 Post- 
Closure Plan in Sectlon 8 

Air Emrsswn Requwements 

Closure of the landfill at OU 7 requlres an MEN, a construction pemt, development 
of a fugitive ermssion control plan and implementation of standard dust-control 
procedures dunng construchon The exishng Plan for Prevenhon of Contmnant 
Dispersion for Rocky Flats (DOE 1992c) addresses the requmment for development of 
a fugitive emmion control plan Penodic watenng dunng construchon addresses the 
requirement for implementahon of standard dust-control procedures and can reduce 
dust emssions by up to 50 percent Specific controls for gas emssions from the 
landfill are not expected to be required based on eshmated emssion rates of NMOCs 
(Appendix H) Due to potentlal future changes in gas emssions resulhng from 
construction of the proposed slurry wall mamtenance achon and the final cover, it is 
proposed that the landfill gas be monitored and technology for treatment added if 
needed Post-closure gas monitonng is descnbed in the OU 7 Post-Closure Plan 
(Section 8 2) 

Groundwater-Monztonng Requirements 

Groundwater monitonng is required for all landfills as specified in 6 CCR 1007-3 
Subpart F At mnimum, one hydraulically upgradient well and three downgradient 
wells are required Well 70093, located due west of the landfill near the headwaters of 

7-7 

d 



OU 7 Revrsed Dr@ IllwIRA DD Md Closure Plan 

7 3 1  PropoatdGradrngPlan 



OU 7 Revised Drafi IMDRA DD and Closure Plan 

sedments withm the pond will be removed and used as general fill under the capped 
area of the landfill Based on ths plan, a total of approximately 62,200 cubic yards of 
general fill matenal is requlred to acheve the design grades 

7 3  I I Settlement 

The 7-percent surface grade is established based on the EPA guidance cntena of 3- to 
5-percent mmmum post-closure surface grades and the expected amount of surface 
settlement from placement of the general fill and decomposibon of the waste 

Settlements at representabve points on the landfill surface were estimated using a 
simple percent of kckness assessment, Sowers method, Gibson and Lo method, and 
power creep law Detsuls of the settlement analysis calculatlons are presented in 
Appendix E These methods yielded maximum settlements ranging from 2 9 to 5 5 feet 
in areas where the waste fill is thckest The change in surface elevabons resulting 
from these settlements was computed, and the resulbng surface slopes remaned withm 
the recommended 3- to 5-percent range 

7 3 1 2 Soil Erosion 

Grasses and topsoil indgenous to Rocky Flats are used for the vegetatlve cover 
Grasses include western wheat grass, blue grama, big blue stem, and side-oats grama 
It is expected that topsoil from onsite sources of the Flatlrons soil formation can be 
amended with fertllizers to form a suitable substrate to establish cover vegetabon 

Erosion analyses usmg the Flatu-ons as a base, typical Rocky Flats site climatlc 
information, and the design topography inlcate that the 20-percent slopes surroundmg 
the East Landfill Pond yield soil erosion rates of 1 8 tons per acre per year The 7- 
percent slopes yield soil erosion rates of 0 5 tons per acre per year after vegetahon is 
established These soil erosion rates are less than the maximum allowable value of 2 
tons per acre per year recommended by EPA guidance (EPA 1989d) Assumpuons, 
methodologes and erosion calculations for annual soil loss are presented in Appendix 
I These erosion rates are not expected to cause hgher than normal sedimentation in 

the pond or penmeter dramage ditches It should be noted that h s  erosion analysis 
considered only average vegetation condiuons and that a well-established vegetative 
cover reduces the erosion yields significantly 

7 3 1 3 Buttress East Side 

As previously mentioned (Sections 2 2 and 2 3), the northeast slope of the landfill that 
extends down to the East Landfill Pond exhbits signs of slumping Seeps have been 
observed in this area Due to the presence of these features, the grading plan has 
incorporated a large buttress fill in  h s  area The buttress fill results in 15 to 20 feet of 
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7 3 3 Cover Section 

As described in Sectlon 6 the recommended alternative Alternatlve 2, Single-Bamer 
FMC with Low-Permeability Soil Cover, best meets the evaluatlon cntena considered 
in the IMARA screening process In addltlon to meetlng CERCLA cntena, Alternatlve 
2 is compabble with the cover elements and functlons descnbed in previous sectlons 
For example, if settlement occurs in the central pomon of the landfill, the cover 
becomes compressed The physical flexibility propemes of the soil and geosyntheac 
matenal components allow the cover to sustam mnor displacements without ruptunng 
Simlarly, the geosynthetic matenals are flexible when thermal expansion or 
contraction takes place The local soils and vegetation used in the vegetatlve layer, 
wluch serve to resist erosion and promote evaporabon of precipitatlon, are visually 
compatible with the surrounding landscape The cover matenals are also adaptable to 
the penetrations made for the gas-collechon system piping Geosynthetic boots 
designed to restnct infiltratlon around the pipe penetratlon are commonly used in 
landfill cover constructlon 

The indlvidual layers of the cap sectlon for Alternatlve 2 are illustrated in Figure 7-1 
The components from top down are the vegetaave layer, a dramage layer, the FMC 
bamer, a low-permeability soil layer the gas-collecaon layer, and a general fill layer 
that lies directly on the mtenm soil cover overlymg the waste Each of these 
components plays an unportant role in the overall hydrologic performance of thls cover 
system as described in Sectlon 5 1 

Groundwater modeling has shown that approximately 40 percent of the leachate is from 
inflow through the groundwater-intercept system and 60 percent is from infiltraaon 
The topsoil component and underlying vegetatwe layer provide a substrate for 
vegetation development and evapotransplration of precipitation Water leaving the 
system in tlus manner does not contnbute to leachate generation HELP analyses 
indlcate that approximately 62 percent of the precipitatlon that falls onto the surface of 
the cover is removed from the system through evapotranspiraaon and 0 2  percent 
through direct runoff 

Most of the remamder of the precipitation percolates through the soil and geotextile 
filter fabric into the geonet dramage layer that lies dtrectly on the FMC Another 38 
percent of the percolating water is removed from the system via the dramage geonet 

Of the surface water that originally entered the system, the remaning 0 001 percent is 
either stored in the interim cover or waste layer or flows out of the landfill as leachate 
The leachate will be controlled by discharging the seep water to alluvial groundwater 
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7 3 7 Cost Eshmate 

Detaled wntten cost eshmation must be provided for closure and O&M post-closure 
care as mandated by 6 CCR 1007-3 Parts 265 142 and 265 144, respectlvely The cost 
estimate is based on expenses when hmng a thrd party and does not include salvage 
value Cost estimates were developed using the Guidance Manual Cost Estlmates for 
Closure and Post-Closure Plans (Subparts G and H) (EPA 1987a) and the Rocky Flats 
Plant Cost Estlmahng Handbook (DOE 1994h) to idenhfy applicable achvities to be 
costed Vendors and site operators were contacted to provide accurate umt costs for 
each actlvity Other resources used include the Means Cost Handbook (Means 1994) 
and previous closure achvihes Quantitles are site specific and were developed using 
engineering judgment and design considerauons 

The total present worth for the recommended IM/IRA design is $10,149,000 The cost 
is higher than average for a landfill closure because a large volume of general fill is 
needed to acheve design grade Normally, waste matenal would be accepted unhl the 
landfill reached capacity, whch would requm much less general fill to aclueve grade 
Detaled cost estlmates and assumptlons are provided in Appenlx G 

7 4  Title I1 Design 

The Title II design attempts to meet environmental, safety, secunty, and quality 
assurance requirements following good engineering and construchon practices and 
simultaneously mnimzes project costs The Title II design should include the 
following information further development of the ConceptuaVTitle I design, a detaded 
cost estimate and construction schedule, analysis of health safety, and envlronmental 
impacts, idenhficahon of relevant quality venfication test plan and perrmts, a 
procurement plan, any necessary utllity services, and deterrmnation of job/work task 
assessments and tracung required The Title II Design Document, which will be 
submtted for review, will contam a summary of the Title 11 design, final technical 
specifications and drawings, design calculahons, a construchon cost eshmate, and a 
CQA plan 

Inihation of Title II design will begin with approval of the Phase I Final IM/IRA DD by 
EPA and CDPHE A prelimnary list of Title II design drawings is provided in Table 
7-3 A prelimnary list of technical specifications is presented in Table 7-4 

7 5  Justification for Recommended Alternatwe 

The recommended alternahve for OU 7 consists of a single-barner cover over the 
Present Landfill Inactive Hazardous Waste Storage Area, and asbestos-dsposal areas 
and institutional controls to prevent unauthonzed access It also includes discharge of 
the leachate at the seep to groundwater 
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a 

Dratnage Layer 

Table 7-1 
Summary of EPA Guidance Cntena for Design of Cover Systems 

Vegetative Cover Thickness preater than or equal to 2 feet 

Minimal erosion and/or maintenance 

Vegetative root growth not to extend below 2 feet 

Final top slope between 3 to 5 percent after settlement or subsidence Slopes greater than 5 
percent not to exceed 2 0 tondacre erosion (USDA Universal Sod Loss Equation) 

Surfacewater drainage system capable of conducbng runoff across cover without rills and 

Barrier Layer FMC Component 

Bamer Layer Sal Component 

Natc 

Thc above des gn compnnenls uc only ncommendauons by EPA A l r m v e  drsgns CUI be sugbened pm rded mot ulcy d i  in compmbk performance of (hc cava syMm 

smlrm 

EPA 19896 EPA IWla 

USDA 
cm/% anumcors pr wand 
FMC tlcxibk m e m k  cover 

U S DepPnmcnt of Agnculwre 
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0 Table 7-4 
Preliminary Llst of Techmcal Specifications for Landfill Closure 

Dlvlsion I Generat Requirements 

01 1 0 0  S p e d  Subcontract Requirements 

01 300 Subrmttals 

01400 Quality ContrdlQuallty Assurance 

01 500 

01 600 Matenal and Equipment 

Temporary Faalibes, Controls, and Speclal Project Requirements 

02930 Erosion Control Measures 1 
DWon 10 Speclalt)ee 

10800 Toilet and Bath Accessones 

10820 Emergency Eyewash and Body Spray Equipment 

Dlvislon 1 1  Equipment 

11600 Gas Monitonng lnstrumentatron 

11700 Altematrve Datly Cover System 

7-19 
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U S DEPARTMENT OF ENERGY 
Rocky Flats Environmental Technology Site 

Golden Colorado 

Cover Cross Section for 
Alternatives 2,3,  and 4 

Single-Barrier FMC & Low-Permeability Soil 
IMARA DD and Closure Plan 

March 1996 

Operable Unit No 7 

I Figure7 1 
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Closure and Post-Closure Plans 

Closure of OU 7 is being implemented under CHWA regulanons for hazardous waste 
landfills (6 CCR 1007-3) The Phase I WI/IRA DD and the Phase I RFI/RI Report 
allow for final closure of OU 7 (CDPHE 1992) Therefore the OU 7 Closure Plan is 
included in this document General closure requirements for intenm status units are 
contamed in Part 265, Subpart G Specific closure requirements for intenm status units 
are contamed in Part 265, Subpart N There are no specific closure requirements for 
hazardous storage units 

The CHWA/RCRA closure process includes the following steps 

0 Identification of a treatment storage or lsposal unit that needs to be closed from a 
hazardous waste management perspective 

Development of a closure plan 

Implementation of the closure plan 

Cemficatlon of closure 

Performance of a post-closure residual nsk assessment if needed 

Development of a post-closure plan 

Implementation of the post-closure plan through the CADROD 

Certification of completlon of post-closure activitles 

OU 7 was identified as an intenm status unit undergoing closure in the IAG In 
accordance with the Rocky Flats Cleanup Agreement in the IAG, DOE agrees to “clean 
close” any unit for whch clean closure performance standards are reasonably 
achievable using decontammation treatment and/or removal actions (DOE 199 1 b) 
Because of the size of the landfill clean closure is not possible and the post-closure 
requirements of 6 CCR 1007-3 265 117-265 120 apply The Inactive Hazardous Waste 
Storage Area (MSS 203) falls within the boundaries of the landfill and will be closed 
along with the Present Landfill (IHSS 114) 

This section presents the Closure Plan for OU 7 whch addresses the necessary CHWA 
requirements for intenm status closures and can be used for implementation Because a 
focused risk assessment was performed for this Phase I IM/IRA DD a post-closure 
residual risk assessment is not needed The evaluation of risks presented in Section 3 3 
shows that the risk to human health is below the acceptable risk range for carcinogens 

8- 1 2/9/96 
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8 1  6- 

8 1 1 Fachty Descnpuon 

The h s e n t  W i l l  (Mss 114) eneompssw approxunately 20 acres and has been 
1968-to 1986 Si- 

1986, only noihzmbus wastes have been &sposed Ao&stos was Qsposed E& 

dlscretc: pits near the eastern firmt of the landfill Thc EqamYe Hazardous waste 
Storage Area (MSS 203) is locatd at the southwtst comet ofthe Fksent Landfili It 
encompasses approxu9irtey one-half a m  but is mcluded e n  tlre acreage of the 
Present Landfill Tfie ama was used to stme Qummed hqu& aMi soh& between 1986 
and 1987 All drum wertsemwd in May 1987 The East Landfill Pond is located 
east of the landfill and was cons-& tdcontrU1 leachate dK iamWl The Faad 
Area Spray Field @ISS 167 2) and South k e a  Spgsry Field @SS 167 3) are @acenf 
to the pond Spray evapmtmn areas eit~h~acompass zqqmximately 1 acre Water 
from the East LanMiU Pond was p m a d ~ ~  sprayed m tksc areas to prevent the pond 

used for d~sposal of hazardous and noxhmdcw wastes 
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from exceedmg capacity by evaporating the water Spray evaporation activities ceased 
in September 1994 

Groundwater in the UHSU at OU 7 generally flows to the east however localized flow 
follows topographic slopes toward the pond or toward the dramage below the dam 
The depth to groundwater in the UHSU is approximately 5 feet in No Name Gulch east 
of the landfill Groundwater flows to the east withm the valley-fill alluvium, however, 
flow is ephemeral Some of the UHSU groundwater-monitoring wells east of the East 
Landfill Pond dam are often dry Groundwater is diverted around the landfill by an 
existing groundwater-intercept system and slurry walls Some of the groundwater 
flows under the groundwater-intercept system on the north side of the landfill The 
depth to groundwater withn the landfill is approximately 20 feet Leachate and 
groundwater discharge from the landfill at a seep located at the base of the east face of 
the landfill Seep water histoncally flowed into the East Landfill Pond A passive 
leachate collection and treatment system was constructed in February 1996 to capture 
and treat seep flow The passive leachate collection and treatment system is an interim 
measure its operation will be discontinued as part of the final closure The system may 
be buried in place or may be removed This decision will be made as part of the OU 7 
Title I1 design document 

8 1 2 Extent of Operations and Management of Maximum Inventory 

Operation of the Present Landfill began in August 1968 and will end in early 1997 
The active portion of the landfill and the known extent of the waste are shown on 
Figure 5-1 All wastes will reman withln the landfill, including soils in IHSS 203 and 
asbestos in the disposal areas, and will be covered dunng closure MSS 203 will be 
closed within the confines of the landfill 

The spray evaporation areas, IHSS 167 2 and IHSS 167 3, will also be closed as part of 
this closure plan These IHSSs require no further action because risk assessment 
calculabons show no nsk above acceptable levels to either human or ecological 
receptors The cap does not cover these areas, and soil in these areas will not be 
removed and placed under the cap Fill material may incidentally cover these areas, but 
this cover is not necessary for the closure of these MSSs 

Given the current and projected waste generation rates (DOE 1994a), the landfill will 
not reach capacity before closure in 1997 For this reason a large volume of general 
fill will be required to achieve grades that will dram surface water and allow for landfill 
settlement The volume of fill material required to acheve grade was detemned by 
subtracting the total volume from the total capacity 
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the cap is constructed Of the 28 remining groundwater-monitonng wells, 12 wells 
will continue to be sampled dunng closure (Figure 8-1) The sitewide groundwater- 
monitoring program is outlined in the Groundwater Protectlon and Monitoring Program 
Plan (EG&G 1993d) Routme sampling and analysis is performed quarterly in 
accordance with EMD Operating Procedure 5-2 1OOO-OPS, GW 6, Groundwater 
Sampling (EG&G 1992b) Samples are collected for analysis in the following 
sequence radiation screening VOCs, SVOCs, indicator parameters, gross alpha gross 
beta uranium dissolved and total metals, other radionuclides, cyanide, and 
orthophosphate 

Water-level measurements are performed quarterly as part of the groundwater- 
monitoring program Water levels are measured in accordance with EMD Operatlng 
Procedure 5-21OOO-OPS GW 1 Water Level Measurements in Wells and Piezometers 
(EG&G 1992c) Well mamtenance activities including routlne assessment of sediment 
buildup in well sumps, sediment removal and redevelopment well pad repar, and an 
overall assessment of well condition, are also performed dunng routine monitonng 

The monitoring program for OU 7 will be streamlined after landfill closure The post- 
closure groundwater-momtonng program is descnbed in Sectlon 8 2 3 

8 1 7 Ancillary Closure Activities 

Activities performed concurrently with the closure operation include wetlands 
mtigation, surface-water management and site secunty Compensatory mmgaQon for 
unavoidable impacts to wetlands will be provided, in accordance with ARARs 
Surface-water runoff will be controlled by grading the surface of the landfill Surface 
water will dram to the perimeter dramage ditches and be routed to No Name Gulch 
The Title II design for the dramage ditches will be based on runoff from a 100-year 24- 
hour storm as required by CHWA (6 CCR 1007-3) The water level in the East 
Landfill Pond will be lowered to allow better access for construction activities dunng 
closure and to allow removal of the East Landfill Pond dam by transfemng water to the 
A-series ponds Leachate management will be performed as a continuation of the 
accelerated action until construction of the final action begins Gas monitoring will not 
be performed until after closure Site secunty will be mantined dunng constructlon 
activities for closure A cham-link fence surrounds the landfill and prohibits access by 
unauthorized personnel Gates will be installed for construction access Signs will be 
posted warning the public of the potential dangers at the landfill 

8 1 8 Closure Certification 

DOE will submt a cemfication that closure of the Present Landfill (MSS 114), the 
Inactive Hazardous Waste Storage Area (MSS 203) the Pond Area Spray Field (MSS 
167 2) and the South Area Spray Field (MSS 167 3) has been conducted in accordance 
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819  

8 110 

8 1  11 

Record of wastes 

DOE wlil submt a mami of wastes to #he JeEersmToky aexk and CXlPHE in 
Febrtrary 1998, no later €him 60 days after sertlEic&on of closure Tbc record of wastes 
will &went the type, locatmn, and quanbty of hazardous wastes m tbe landfill 

Deed Nomen 
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8 112 a 

8 2  

8 2 1  

8 2 2  

Final Closure Schedule 

The schedule for final closure was developed in accordance with the RCRA Guidance 
Manual for Subpart G Closure and Post-Closure Care Standards (EPA 1987a) It was 
assumed that the Present Landfill would receive the final volume of waste for disposal 
and the new landfill would be operational in April 1997 The closure timeline is 
presented in Table 8- 1 

Post-Closure Plan 

Ths OU 7 Post-Closure Plan addresses the requirements for post-closure care outlined 
in 6 CCR 1007-3 265 1 17-120 and descnbes the monitonng and mamtenance activihes 
that will be performed during the 30-year post-closure care period 

Post-Closure P e n t  

A post-closure p e m t  is required for all landfills under 40 CFR 270 l(c) to detal the 
requirements of post-closure care The landfill closure achon must comply only with 
the substantive aspects of ths  requirement Post-closure pemts  generally include a 
copy of the post-closure inspection schedule the post-closure! plan, and a notahon to 
the property deed Floodplan information, applicable groundwater and landfill gas 
monitonng data, and informahon demonstrating compliance or corrective action are 
also included Pemts  also describe MSSs provide information on correctlve actions 
for releases from those MSSs, and provide informahon on the potential for the public 
to be exposed to wastes released from the site 

The Draft Proposed Plan and Draft Modification of the Colorado Hazardous Waste 
Permit for the Rocky Flats Environmental Technology Site is included as an attachment 
to ths  report The Draft P e m t  Modification will be used to incorporate remedial 
action decisions at Rocky Flats into the site’s RCRA p e m t  CDPHE will issue the 
Final Hazardous Waste P e m t  Modification after the remedial decision process is 
complete 

Post-Closure Inspection and Mamtenance 

Post-closure inspection and mamtenance activities include routine facility inspecuons 
and repars, repar of the vegetative cover due to erosion damage, mamtenance of 
surveyed waste management area boundary markers, and inspection and mamtenance 
of monitoring systems The proposed frequency of inspecuon and mantenance 
activities that will be performed by DOE is provided in Table 8-2 Routine facility 
inspections will be performed semannually Components of the facility that will be 
inspected include the final cover, surface-water dramage ditches, surveyed benchmarks, 
groundwater-monitoring system, gas-monitoring system and secunty system 
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An instrument such as a hot wire anemometer or equivalent will be used to obmn gas- 
flow measurements Generally these field measurements can be accomplished by one 
person equipped with a portable combushble gas meter and velocity/temperature- 
measunng instrumentahon Precise field flow measurements of landfill gas are 
difficult to acheve However these measurements can be improved by conversion 
charts that relate the cooling effect of, for example methane versus typical ambient an 
Conversions can also be made to relate recorded readings to actual flow readmgs using 
standard conditions 

Quarterly gas-monitonng data will be used to evaluate the effectiveness of the passive 
gas-collecuon system at the landfill and to assess compliance with i r  emssion 
requirements under CAQCC Regulation No 3 

8 2 3 2 Point of Compliance 

Post-closure groundwater-monitoring requirements are relevant and appropnate to 
intenm status facilities such as the Present Landfill and include implementation of a 
groundwater-monitonng program capable of detemning the impact of the landfill on 
groundwater quality in the UHSU (6 CCR 1007-3 265 90[a]) The requirement does 
not address the point of compliance for remediation activiaes Because intenm status 
units and regulated units are addressed in a simlar manner the point-of-compliance 
provision that applies to regulated units is relevant and appropriate to the remedation 
of intenm status units (6 CCR 1007-3 264 92) 

The point of compliance is defined as the vemcal surface that extends down into the 
UHSU at the downgradient limt of the waste-management area Remediahon levels 
should generally be attamed at and beyond the edge of the waste-management area 
when waste is left in place ’ (55 Federal Register 8753) Although the downgradient 
limt of the waste-management area is currently at the toe of the landfill face, the cap 
and fill extends eastward to acheve design grade required for closure As a result, the 
downgradient limt of the waste-management area shifts to the east Wells immediately 
downgradient of the dam are currently used as compliance wells for the annual RCRA 
groundwater-monitonng report and are proposed as compliance monitonng wells for 
OU 7 closure 

Well 53194, is proposed as the compliance well The point of compliance is the 
hydrologically downgradient limt of the area in whch contammation exists The 
compliance well ensures that hazardous constituents detected in groundwater do not 
exceed concentration limts in the uppermost “aquifer ’ (or UHSU) underlying the 
waste-management area beyond the point of compliance (6 CCR 1007-3 264 93 and 
26494) The regulations also provide that the owners or operators conduct a 
corrective-action proFarn to remove or treat any hazardous consutuents that exceed 

I 
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Groundwater simphng wdl Be per€ormxl at the proposcrd complmce weHs in 
accordance with EMD W n g  pnooedm 5-21-& GW6, Groundwater 
Samplmg (EG&G 1992b) Water-level measmments wdl be'pgforaacd as part of the a 
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groundwater-monitonng program Water levels are measured in accordance with EMD 
Operating Procedure 5-21000-0PS, GW 1, Water Level Measurements in Wells and 
Piezometers (EG&G 1992c) Groundwater monitonng will be limted to the 
background (upgradient) well and the three compliance/detection (downgradient) wells 
Table 8-3 provides a list of analytes for the groundwater-monitoring program in 
accordance with 6 CCR 1007-3 265 92 Groundwater samples will be collected 
quarterly for one year and annually thereafter for water-quality parameters and 
semannually for indicator parameters Water-quality parameters include chlonde iron 
manganese phenols solum and sulfate Inlcator parameters include pH, specific 
conductance, TOC, and TOX 

A Student s t-test comparison of upgradient and downgradient means for each of the 
indicator parameters after the initial four quarterly samples is required by 6 CCR 1007- 
3 265 93(b) Exishng data for TOC (four samples at well 70093 and two samples at 
well 4087) indicate that the Student’s t-test will likely show a statistical lfference 
between upgradient and downgralent results for this parameter If ths  statisbcal 
difference is shown, 6 CCR 1007-3 265 93 requires resampling immediately, 
notification to CDPHE withm seven days if the resampling confirms the initial results, 
and submttal of a more comprehensive groundwater sampling plan withn 15 days of 
the notification In order to comply with these requirements in advance, a more 
comprehensive groundwater sampling plan is proposed for the first year of operation 
In addition to the indicator parameters listed in Table 8-3, quarterly samples will be 
collected using volatile organic analysis contract laboratory procedures (VOACLP) and 
semvolatile base/neutral/acid contract laboratory procedures (BNACLP) for the first 
year These data will be used to correlate indicator parameters (such as TOC and TOX) 
to levels of VOCs and SVOCs If levels of organic compounds reported by these 
sample results are simlar to previously measured levels and no ARAR exceedances are 
reported even though TOC or TOX levels mght be hgh this sampling for VOCs and 
SVOCs will be discontinued after one year, even if the Student’s t-test shows a 
statistical difference between upgralent and downgradient concentrabons of TOC or 
TOX The sampling for VOCs and SVOCs would be reinstated only if reported values 
for total organic carbon or total organic halogens increase significantly over the levels 
established by the initial four quarterly samples Analflcal tools to detemne if a 
significant increase in indicator parameter levels has occurred may include time series 
plots and comparison of new results to the upper tolerance limt of the 99th percentile 
at the 99-percent confidence level (UTL99199) of exishng concentrations 

The groundwater-monitonng data will be reviewed and analyzed to evaluate 
groundwater quality at OU 7 New groundwater data will be compared to historical 
data to detect trends in potential groundwater contmnation Statishcal methods of 
analysis will be used to deterrmne if significant changes in contmnant concentrations 
occur within individual wells within well groups and within the monitonng system 
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8 2 4  

8 2 5  

8 2 6  

Five-Year Review r- - i  

protectwe of human health and the envm&t The levdqfthe nmms wll be at the 
&scretmn'of CDPHE and EPA, however, tt IS ex- d d  a Level I EVH, 

conssting of akite visit, %view of operat~m and znamtenms~ &vi- and a hi site 
mspectlon, wdl be snfficrept 

Post€losure certrficabon 
L * 

Financial Assurance and Cost J%&ma&s 

State and federal governments are exempt fnnn fhefinanaal assurance reqwremcnts of 
40 CFR 265 14O(c) Subpart H 

Tfie estimated capital cost fm clogure of the hifill I $9,370,460 The pnesent worth 
O W  cost for post-closure IS $1,204,400 O Y ~ P  %year pmt-closure period 'RE 
total p-t wo& cost IS $10,576,860 IS provldcd ~ f l  The &@Bed 905t 
AppendgrG 

T 
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Notification of Closure 

Receipt of Final Volume 

Complebon of Closure Acbvibes 

Submittal of Survey Plat 

Submittal of Certtficabon of Closure 

Submittal of Record of Wastes 

Submittal of Deed Notabon 

Table 8-1 
Closure Tunelme 

February 1997 

April 1997 

October 1997 

December 1997 

December 1997 

February 1998 

December 1998 

Yote 

Assumes final volume of waste received in Apnl1997 
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Chlonde 

Iron 

Manganese 

Phenols 

Sodium 

Sulfate 

Table 8-3 
Groundwater-Monitormg Parameters 

Quarterly for one year 
then annually 

Quarterly for one year 
then annually 

Quarterly for one year 
then annually 

Quarterly for one year 
then annually 

Quarterly for one year 
then annually 

Quarterly for one year 
then annually 

6 CCR 1007 3 265 91(d) 

I 

Groundwater-Water Quality 
Parameter List 

PH 

Specific conductance 

Total organic carbon 

Groundwater-Indicator 
Parameter List 

Quarterly for one year 
then semiannually 

Quarterly for one year 
then semiannually 

Quarterly for one year 
then semiannually 

Total organic halogens Quarterly for one year 
then semiannually 

6 CCR 1007 3 265 91 (d) 

' 0  
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9 Enwronmental Assessment 

The proposed IM/IRA for landfill closure is the final action for OU 7 Implementation 
of the remedy has some potential impacts to OU 7 and the surrounding area when 
compared to the impacts expected from the no-action alternative This section presents 
potential environmental and human health effects resulting from the proposed IM/IRA 
activities and is the funcQonal equivalent of an environmental impact statement (EIS) 
Human health exposures dunng construction of the final remedy, and during post- 
closure mamtenance and monitoring activities and exposures resultmg from possible 
accidents are analyzed for nsks to workers outside of OU 7 IM/IRA activities at Rocky 
Flats and the public Potential nsks to workers at OU 7 will be addressed separately by 
a site-specific health and safety plan Environmental impacts to ecology, a r  surface- 
water, and groundwater are also evaluated The comrmtment of personnel and matenal 
resources and potentd impacts to transportaQon and other short-term, long-term, and 
cumulative impacts are also evaluated 

Proposed construction activities for the recommended alternative include removal of 
the East Landfill Pond removal of pond sediments and the dam and placement in the 

construction of the engineered cover system, placement of the final vegetative cover, 
and upgrading the runoffhn-on dramage-ditch system A post-closure inspection 
mamtenance and monitoring program will be performed for 30 years after landfill 
closure The post-closure inspection and mamtenance program will include routine 
facility inspections and repam repar of the vegetative cover due to erosion damage, 
mamtenance of surveyed waste management area boundary markers, and inspection 
and mamtenance of monitoring systems Post-closure monitoring consists of gas 
monitoring and groundwater momtonng 

landfill placement of general fill and regrading to acheve adequate surface dramage i 

9 1  Screening-Level Human Health Rlsk Assessment 

The purpose of this screening-level risk assessment is to identify and qualitatively 
e x m n e  the potential nsks to human receptors associated with the installation and 
mamtenance of the engineered cover under the IM/IRA at the Present Landfill This 
assessment includes 

Characterization of potential exposure 
0 

Identificatlon of potential contarmnants of concern or activities of concern 

Estimation of potentlal magnitude of risk 
Identification of uncertanties associated with the assessment 
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9 1 2  

An occupational activity of concern is the operation of heavy equipment when 
transporting the road-base aggregate and fill and cover material However these 
activities are addressed under routine occupational standards designed to reduce nsks 
and are typically incorporated into the health and safety plan 

In summary construction acnvities do not involve intrusion into the landfill contents, 
and the fill and cover matenals used are uncontarmnated Therefore the only PCOC 
identified for the OU 7 IM/IRA is nuisance dust 

Characterization of Exposure 

The objective of characterizing exposure is to estimate the type and potential 
magnitude of exposures to the PCOCs that are present at the site or that may mgrate 
from the site The results of the exposure assessment are combined with guidelines for 
nuisance dust to characterize potential risks 

The exposure assessment consists of the following components 

Characterize potentially exposed human populabons (1 e receptors) 
Identify exposure pathways 

Potentially Exposed Populations and Exposure Pathways 

Potential scenanos and exposure pathways were identified onsite and offs 

Qualitatively deterrmne the extent of exposure 

9 I 2 I 

e Activities 
planned for OU 7 include capping, inspecting, and mintining the engineered cover of 
the closed landfill and post-closure monitoring These activities involve construction 
workers for capping and mintenance and field technicians for monitoring activities 
Because the potential for dust generation is higher dunng the earth-moving acuvities, 
the exposure to dust is greater for construction workers at OU 7 than for technicians 

Offsite land uses were considered according to current and future uses which were 
identified through county zoning maps and observation or projections based on growth 
patterns and community development plans Current land uses around Rocky Flats 
include open space lirmted agncultural commercial or industrial, and residential 
Although there is currently no residential use adjacent to Rocky Flats a hypothetical 
residential receptor was conservatively assumed for this screening-level analysis 

Two potentially exposed human receptors were selected for pathway analysis in this 
screening-level human health risk assessment onsite worker and offsite resident 
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can be exposed to PCOCs that are present at or nqp&ng hgm the-- Five elements 

comprise an exposure pathway ~ These elements. ldsn 'to cletermne ptentral 
exposure pathways at OU 7, we as folbws 

1 sowce 

An exposure route IS the pathway through whch 
organism Them aze four basic human exposure routes 

enters OT impacts an 

9 1 2 3 Poten-1 Magnitude @Exposure a d  Risk 
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No adverse health impacts are anticipated for offsite residents or Rocky Flats workers 
As presented in Secbon 9 3 2, it is unllkely that a-quality standards for respirable dust 
will be exceeded at the Rocky Flats property boundary The total sampled particulate 
concentration in the work area is controlled through the application of water by a truck 
such that the occupational limt will not be exceeded A typical occupabonal exposure 
limt for nuisance dust is 10 mlligrams per cubic meter (mg/m3), a level under which it 
is believed that nearly all workers can be repeatedly exposed day after day without 
adverse health effects 

Occupational risks associated with operation of heavy equipment and transportation of 
the road-base aggregate and fill and cover matenal are expected to be low and are 
controlled through occupational regulations or standards Furthermore, transportation 
associated with OU 7 will occur on pnvate roads and at lower speeds than are 
associated with most vehcle accident data Therefore, these nsks are not addressed 
quantitatively 

9 1 3 Identification of Uncertamty 

The uncertamty analysis charactenzes the uncertamty associated with each step of the 
process of assessing nsk These uncertanties are dnven by uncertamty in assumptions 
of work activities identification of PCOCs, estimation of emssion rates, the screening- 
level transport model used to estimate concentrations at receptor locations and 
assumed receptor locations Uncertamties associated with this nsk assessment are 
summarized in Table 9- 1 

Of the uncertamties identified, a key assumpbon is that there is no intrusion into the 
landfill contents or asbestos-disposal areas or contact with groundwater downgradient 
from the landfill Contact with landfill leachate, pond water, and pond sediments is 
likely Worker safety and any necessary precauuons will be addressed by the site- 
specific health and safety plan The health and safety plan descnbes potential hazards 
and locations entry and exit requirements for controlled areas, use of monitoring 
equipment and use of PPE such as protective clothing and respirators Emergency 
response is addressed by the Rocky Flats Environmental Technology Site Emergency 
Plan (EG&G 19940 Occupational nsk is expected to be mantamed well within 
standards under these controls 

9 2  Ecological Risk 

Construction of the proposed IM/IRA requires soil matenals obtamed from offsite 
commercial operations The excavation of borrow matenals may have potential 
impacts to wildlife and vegetation habitats and nearby wetlands and floodplans These 
potential impacts are considered in operational pemts  issued for these facilities by the 
state of Colorado and local county governments 

9-5 
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The period of increased equipment noise vehicular traffic, and other human activity 
will last less than one year During ths  ume, sensitive wildlife species may avoid the 
area The area affected is hghly vanable and dependent on species and individuals 
Some animals may habituate to the activity and return to the area Although wildlife 
use of the area may be reduced because of t h s  avoidance response, this part of Walnut 
Creek dramage does not represent critical habitat or breedmg areas for site wildlife 

9 2 1 2 Long Term Impacts 

Long-term impacts on ecological resources include physical alteration of terrestrial and 
aquatic habitats and residual chermcal risks in areas adjacent to the landfill but outside 
the landfill cap area 

Physical Alteration 

Physical alteration of the habitats include degradation and/or permanent loss of existmg 
habitat The primary areas involved are rmd-grass prame in the borrow and staging 
sites the mid-grass prame immediatelv surrounding the landfill and the East Landfill 
Pond the wetland and aquatic habitats associated with the pond, and the 
ripariadgrassland areas immediately east of the pond 

As noted in the previous section the borrow area and staging area sites represent only 
temporary loss of habitat since they will be revegetated with native species after 
completion of the landfill cap To some extent the landfill area represents a permanent 
loss of native md-grass prame because revegetabon efforts cannot include a 
completely native plant community However the revegetated cap will be suitable 
habitat for many wildlife species especially small mammals some songbirds and other 
grassland wildlife species that do not require a structurally complex vegetation 
community 

Removal of the East Landfill Pond represents permanent loss of the associated aquatic 
and wetland habitats A total of 3 1 acres of jurisdictional wetlands will be lost as a 
result of pond removal (see Figure 2-12) This includes 0 8  acres of palustrine 
emergent wetlands at the pond margin and 2 3 acres of lacustrine wetland associated 
with the pond bottom and open-water habitat combined This 0 8 acres of palustrine 
wetlands represents about 0 5 percent of the palustrine and nverine wetlands at Rocky 
Flats (COE 1994) Removal of the East Landfill Pond also represents about a 5 percent 
reduction in open water habitat and about 6 percent reduction in shoreline habitat at 
Rockv Flats In addition potential habitat for Preble’s meadow jumping mouse will be 
lost or modified as a result of the pond removal At Rocky Flats t h s  mouse is 
typically associated with riparian communities and the adjacent grassland habitats 
Removal of the pond will essentially elirmnate the riparian component As note earlier 
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0 Compmson to EPA ir-quality standards 

Estimation of potential methane emssions 

9 3 1 Estimation of Potential Fugitive-Dust Emssions 

Fugitive-dust emssions ansing from construction actwities were estimated by 
identlfying the type of equipment and capacities expected to be used, volume of earthen 
matenals travel &stances and climate condtions Construction involved with the 
M R A  includes three representative tasks 

Construction of a haul road between an offsite borrow source and the landfill 
0 Transport of fill and cover matenal to the landfill 

Installanon of the engineered cover over the landfill 

Fugitive-dust emssions from removal and consolidation in the landfill of the dam and 
pond sediments are not expected because the dam matenal is very coarse and the 
sediment will have a high moisture content Post-construction activities include 
inspection and mintenance of the cover and post-closure monitonng The landfill 
contents are covered d i ly  with interim soil as waste is placed therefore the landfill 
contents are covered before IM/IRA construction activities begin Materials used for 
the fill and engineered cover include general fill low-permeability soil, topsoil and a 
vegetative cover after construction is complete 

The construction tasks require the use of bulldozers compactors, water trucks, and haul 
trucks Because of the transport distances, the use of scrapers is probably not 
economcally feasible EPA has developed empincal equations for estimating dust 
emssions from typical construction equipment (EPA 1995b) The equations used to 
represent emission rates from anticipated OU 7 construction activities include 
operation of haul trucks on unpaved roads dumping of haul truck contents, and 
operation of bulldozers and compactors 

Bulldozer EF = 1 O(s)' (M) ' 
where 

EF - - Emssion factor ( l b h )  
S - - Silt content of soil (assumed 10 percent) 
M - - Moisture content of soil (assumed 10 percent) 

Two bulldozers and two compactors are assumed A 25-percent reduction was applied 
to estimate respirable particulate matter (PM-10) emssions (EPA 1995b) A 
50-percent reduction was applied to account for dust control from penodic watenng 
using watering trucks 
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where 

where 
I 

c 

Appxmately 25 to 3 0 h d  trucks were used A ductmi was apphed to 
account for &st control fkoHi periodic wattfing: us& rattnng trucks 
(eg,  n w  100-percent ~ffectivenes~ has been OW W&II e r n  of 0 125 
gallons per square yard every 20 mrwtes) (DOE 1!?%2c) 

Each of the three repreaatatme cunsMIctlon tasks ulvofyes dtfferwt assump~ons 
reg- distances, mabenal volumes, and qmpmcnt usage, wht& d t  m &&mnt 
estmatad ermssion rates These emmion rates are then used as mput to the 
conscxqtme EPA screetllng m d  screen2, wkch is a mddc of TSCREEN 
(EPA 1994~) Screen2 was used assumng w ~ ~ t -  dcrwo.amd drqxfmon ccm&&mns 
to calculate lurbonrt partiedate wnqentrat~om at the Rocky Flats property boundary 
The ermssion rate for dumptag tmck contests assumes a higher wind speed (8 mph) 
than that assumed m the au&spezsx&~ mdcl(2 2 mph) ?"hb 4re neasoaable worst- 
case aseunptmnb becawQlgrrtater emissions d t  dwmg hqgher wmd speeds, but the 
least amount of ~ s p i o i & u r s  during low wlltd spwx~~ ~&mptlaas, estmated 
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9 3 1  I 

9 3 1 2  

emssions and dispersion modeling results are presented in the following sections for 
each of the three representatwe construcQon tasks 

Haul Road Construction 

The construction haul road will be built between a nearby borrow and the landfill The 
distance required was assumed to be 2 5 mles With an approximate width of 30 feet 
the total area is approximately 9 acres The road will be built with approximately 8,OOO 
yd3 of aggregate road base, with an assumed silt content of 10 percent At 15 yd3 per 
truck 533 round tnps (loads or number of dumps) are required to build the road 
Trucks need to travel only short distances as the road is started and travel the entire 
length of the road as it is finished Using half the length to represent the average round 
trip distance, 1 333 vehcle mles are requlred Construction of the road requires 
approximately 10 workmg days using two bulldozers and two compactors 

These estimations of vehicle mles traveled and durations of activities were used as 
input to the equations for estimating fugitive-dust emssions The emssions from 
constructing the haul road, whch are displayed in the second column of Table 9-2 
indicate that haul truck transportation is expected to contribute the majonty of 
emssions for h s  task 

For use as input to the a r  model the emissions were entered as grams per second (g/s), 
and the area of the road as 9 acres (36 400 square meters [m2]> Because the trucks 
traveling back and forth along the road and the distance to the west (closest) property 
boundary changes continuously the average emssions location was assumed to be the 
mdpoint between the borrow pit and the landfill The distance to the fence line at this 
point is approximately 1300 meters (m) The eshmated arborne particulate 
concentranons are summarized in Section 9 3 2 

Transport of Fill and Cover Material to the Landfill 

An estimated 234,472 yd3 of general fill, low-permeability soil, vegetative soil, and 
topsoil are needed as fill and cover material At 15 yd3 per truck and a round trip 
distance of 5 mles 78 157 vehicle mles are required dunng an esamated duration of 
500 work-hours Because the transport and installation of the cover are overlapping 
activities and the dumping of the haul truck loads occurs at the landfill, dumping is 
considered part of the cover installation (Section 9 3 1 3) The estimation of vehicle 
mles traveled was used as input to the equanons for estimating emssions, along with 
standard default values The emssions from transportmg the fill and cover material are 
displayed in the thrd column of Table 9-3 

Simlar to the discussion in Section 9 3 1 1 the transport emssions were entered as g/s 
the area of emissions was assumed to be 36400 m2 and the average distance to the 
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fence h e  was to be appmcmate4y 1,3W m ' h e  estmated arborne 
p a r t l c u l a t e c ~  - 0 n - w  urssfmm93.2 

9 3 1 3 Installahon of f i g u r e m a  Cover Over the Lundji€l 

Installat~on of the frif aad coyer matmal at the landfill mebdes &inqmg of the haul 
truck loads, spredng wth two bulldozers, and wmpjrcb~n wkh ~ m m p a c t o r s  It is 
estunated that 500 w d - w  are needed to install the m&nd Ths duration was 
entered into the equat~ons for dumpmg baul truck loads 
with standard default assgqtmns The results 
maten& whch are psented m the fourth c c h m  
and compactor eperatmm are expected to c 
task 

Emssiomrs of fugtwe dust from the cover surfiitee atre not a&&e& qmrmtmvely due 
to the extensive wahmng by the contractm eartham 
are installed in many sub-layers as the work pmgmscs 
ensure p p e r  m o s e  -tent d coiqmct~m Ths 
moist dunng worlrdays, e, and weelcads to prgvent drymg a& C n g  (loss uf 
the cover intep&j  ti^ m e r  most 1% t;lplctmy 
applicaaon of water by w m g  tm&s or by ccartflhg &e 
loose lift of moist clay dumps The clay chips tend to dqy carer -weegeads%& trave 
low potentml as a sauce of respmble parhculrrtes 

9 3 2 Cornpanson to EPA Air Quality Stpndards 
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9 3 3 Estimation of PotenQal Methane Emssions 

Methane emssions from the OU 7 landfill may be estimated from the volume of the 
waste contents The approximate volume of waste is expected to be approximately 
404 OOO yd3 in 1997 with 124 OOO yd3 of dady soil cover (DOE 1994a) The methane 
and carbon dioxide content of the soil gas is 60 percent and 40 percent, respectively 
indicating anaerobic conditions (DOE 1994a) Concentrations of these gases are 
highest in the younger eastern pomons of the landfill 

Measurements of other landfills with simlar conditions support an average emssions 
factor for landfill gas of 0 1 cubic feet per pound (ft3/lb) refuse per year (DOE 1994a) 
This value is typical of landfills in dner climates, as compared to values 10 or more 
times greater in moist climates (Tchobanoglous et al 1992) To use this empincal 
approach to estimate landfill gas emmions it is necessary to calculate the weight of 
landfill contents The density of the indvidual items in the landfill vanes, but the 
average density of contents is assumed to be approximately 1 OOO pounds per cubic 
yard (lb/yd3) (DOE 1994a) Multiplying 404000 yd3 times 1,OOO lb/yd3 provides a 
total weight of landfill contents of 4 04E+08 lb 

The emssion rate of landfill gas is calculated by multiplying the average emssions 
factor, 0 1 ft3/lb refuse/yr, by the total weight of the landfill contents, 4 04E+08 lb The 
calculated result, 404Ei-07 lb landfill gas per year, is multiplied times the percent 
methane content 60 percent, to detemne methane emssion rates The resulting 
average annual emssion rate of methane is 2 42E+07 cubic feet per year (ft3/yr) and is 
characteristic of the low generation rates of medium size landfills in drier climates 
(Tchobanoglous et al 1992) The result is a conservative overemmate because it 
assumes the older wastes are producing methane at the same rate as younger wastes 
The generation rate is also simlar to that expected from the new Rocky Flats landfill 
(DOE 19941) 

9 4  Impact to Surface-Water Quahty 

9 4 1 Short-Term (Construchon Period) Impacts 

Construction activiues associated with installation of the engineered cover would result 
in surface disturbance from the clearing of vegetation excavation and salvage of 
topsoil material, bladmg and leveling of land preceding construction, and the potential 
for accidental uncovering of contammated media Potential impacts to surface water 
during the construction phase include increased erosion, contarmnation from 
inadvertent water contact with uncovered wastes and subsequent sediment loading to 
dramage ditches and to No Name Gulch during storm events The absence of 
vegetative cover and the steepening of slopes result in increased potential for both sheet 

9 
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9 4 2 Long-Tenn Impacts 

Long-term protmon is rnaxmmed because the proposed EWIRA engmeeaed coyer 
m m m s  infiitrmon of precipitaoon and subsequent contact with contammutts and 
incorporates surfacR dramage features to prevent mn-onFIQnoff and to p a d e  erosion 
control The praposeB actlon ultunately results m “a dec- m- the m k  of 
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contarmnants reaching surface water by elimnating the possibility of precipitaDon 
contacting contarmnated soils or waste matenal Precipitation falling withln the 
boundary of the landfill will be dramed off the cover and diverted away from the 
landfill Surface-water dramage from areas outside the landfill boundary would be 
prevented from flowing onto the landfill and diverted around the boundary Using 
appropnate surface-reclamation measures, adequate vegetation cover should be 
established on the final surface of the landfill in two to three years The establishment 
of vegetative cover on stabilized slopes, contours of the landfill and the surrounding 
disturbed surfaces greatly reduces erosional hazards to levels sirmlar to surrounding 
areas 

Post-closure monitoring activities would include inspectlons of the landfill surface and 
associated dramage ditch conditions and will continue for 30 years on a semannual 
basis Observatlons of the vegetative cover and evidence of soil erosion and loss would 
be included in the routlne inspection and mamtenance efforts Further erosion-control 
measures, regrading, and revegetation would be implemented if mamtenance 
inspections indicate that the landfill surface reclamatlon is not effective as planned 

9 5  Impact to Groundwater Quality 

Current sources of groundwater recharge to the UHSU include infiltration of 
precipitation, snowmelt storm runoff and downward seepage from the East Landfill 
Pond The downward seepage from the East Landfill Pond will be elimnated with the 
removal of the pond The level of groundwater rises annually in response to spnng and 
summer recharge and declines dunng the remamder of the year Groundwater 
generally flows to the east however localized flow follows topographic slopes toward 
the pond or toward the dramage below the dam Groundwater intermttently flows to 
the east within the saturated valley-fill alluvium The average depth to groundwater in 
the landfill mass is approximately 20 feet, the average saturated thickness is 11 feet 

9 5 1 Short-Term (Construchon Penod) Impacts 

Local impacts to hydraulic gradients are expected because the engineered cover reduces 
surface-water infiltration However enhanced groundwater quality results from 
reducing water flow through waste The engineered cover system will cause an 
increase in surface-water flows after storm events as water is shed laterally instead of 
allowed to infiltrate 

An estimate of potential infiltration and percolation through the proposed engineered 
cover system was performed using the HELP Version 3 computer model (EPA 1994b) 
A summary of the HELP modeling and model runs is presented in Appendix F The 
results of the HELP model computations for the proposed engineered cover design 
indicate that the potential average annual leakage through the engineered cover is 
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9 5 2  Long-T~Impacts 

The overall impact to gmundw&er from the proposed IMtlRA WOE&! be enhttIleed 
groundwater quality at thc ate No significaat negptrve r v t  to gqynclwater @ity 
is expected from the pfoposed amon 

9 6  Coumutment of I m e d M e  and Imetrbabie ihmwces 

The proposed UWRA results m some permmat cumn&zmts of re~~urcc~ but is not 
expected to result m a s-bd loss of valuable msomces Most of the resources 

unplementatm of the nmcd~al amon bvcrslblc a& imsmevabie mmrces are 
used for constructmn of the e q p e e d  cover are y4xkmmmdtOthe 
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defined as resources that are either consumed comrmtted, or lost 
irreversible and irretrievable resources include the following 

For OU 7, 

e Consumptive use of geological resources (e g quamed rock, clay sand, and gravel 
for road construction) will be required for construction activities Supplies of these 
materials will be provided by the construction contractor The preferred alternative 
requires a permanent comrmtment of 234 472 yd3 of fill topsoil, and vegetabve 
cover from offsite sources to construct the final landfill cover However adequate 
supplies are avilable without affecting local demand for these products 

Fuel consumed in construction equipment and vehicles for the construction of the 
landfill cover will not be recovered 

Soil at OU 7 will be disturbed by construction activities Many impacts are 
temporary penlng completion of remedial activities and associated restorabon 
programs 

Resources that underlie the landfill will be lost However, there appear to be no 
commercially exploitable mneral resources at Rocky Flats (DOE 1980) 

The comrmtment of up to 30 acres of land as a landfill permanently comrmts and 
constrans the area to limted land-use options 

Wetlands and associated natural resources will be reduced at OU 7 but will be 
mtigated offsite Long-term direct impacts to the floodplan resulting in changes of 
flood elevations will not occur 

Open water habitat at OU 7 will be elimnated This loss represents about 5 percent 
of the open water habitat at Rocky Flats 

Long-term comrmtment of personnel and funds to perform post-closure inspecbon, 
mamtenance and monitonng acbvities 

Mamtenance activities will be performed as necessary Long-term negative 
environmental impacts are not expected to occur from the OU 7 selected remedy 
Monitoring and periolc site inspections would be performed to ensure long-term 
protection of human health and the envuonment 

As a result of the constructed engineered cover and the network of monitonng wells to 
remain in-place commercial industnal and residential land use are permanently 
prohibited withn the landfill boundmes Appropriate landfill surface reclamation 
results in an acceptable appearance of the remediated site, and the ecological 
succession of the closed landfill and adjacent land are improved by surface 
revegetation Vegetation and habitat eventually become simlar to surrounding areas 
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Incidental re:soufces that are consumed, canrmw or lost on a temporary and/or 

construcuon waer suurce, and the c o n s ~ m  for equipment haul 
roads Dunng tmSxwtsm of the proposed IM/IRA, it iS expectcddthat 20 to 35 
personnel be m q d  for the duration of the 
year) The raw water sup& avalabJe at Rocky FI 
that is treated by the onsite water treatment plant 
engneend cover system would require 8 to 10 
constructmn actrvihes Approximately 7,000 to 
temporarily for construction of had roads Tbtrr 
avdable for reuse 

parhal basis dumg d u d e  @+qurpment, the 

97 Impact to- r 

9 9  Cumulative Impacts 

Cumulatwe impacts may nsuft from the c c m b h ~ ~  o f  -m lmIrjrcts fn>m past, 
present, and reasonably fmseable fttftlre a c W  Ctmw.hve ixqmcts wdd have the 
potenbal of bemg m o ~  slgnrficant than tfre Urdiwduat-kpacts d m  to synqpm 
between fyps and areas of mpact or the mn&vidual myacts cdiect~vdy resilting m 
SlgRlficant effects to the eiwmpnent 



OU 7 Revised Draft IMHRA DD and Closure Plan 

expected short-term future cumulative effects are substantial Long-term cumulative 
impacts (1 e IM/IRA achvities in conjunction with other Rocky Flats restoration 
achvities) facilitate future beneficial use of Rocky Flats land and fulfill mandated 
cleanup objectives 

The following types of cumulative impacts may occur 

Additional construction personnel will have an additive effect on existlng workload 
for site operations Thls effect is short-term, however, mantenance and monitonng 
activities would continue dunng the post-closure penod The antlcipated workload 
of these personnel would be sigmficantly less than what is currently required 

Potential waste generated by ths  proposed actlon will be very lirmted and may 
include small amounts of soil from construction activities potentially contammated 
water from decontammation operahons, and water generated from sampling 
activities during groundwater monitonng The small amounts of waste that will be 
generated are insignificant and any impacts negligible 

0 Wetlands mtigation will be necessary to replace the 0 8  acres of palustnne 
wetlands lost due to the remedal achon Potentlal cumulative impacts, such as 
rmtigation of other onsite wetland areas can be expected because the mtigatlon 
plan is to use acreage from the offsite wetlands mtigatlon bank proposed for 
development adjacent to the Standley Lake Protection Project pendmg final 
approval of the project 

9 10 Comparison of the Preferred IM/IRA to the No-Action Alternative 

The potential adverse and beneficial impacts of the Preferred Alternative and No 
Action are expected to be significantly lfferent in the magmtude to whch they affect 
the quality of the environment Implementation of the proposed IM/IRA is not 
expected to have any substantial adverse impacts to human health or the environment 
and is consistent with long-term remediation goals for Rocky Flats Where potentlal 
impacts may occur effects are expected to be small and temporary, and appropriate 
mtigation measures will be implemented 

The no-achon alternative could have potentially adverse impacts to both human health 
and the environment by allowing landfill waste to remin uncovered, resulting in 
continued leachate generation and mgratlon, and potentlally resulting in exposure to 
human and ecological receptors Therefore the no-action alternative potenhally allows 
for direct or indirect receptor intake A comparison of how the two alternatives could 
impact human health and the environment is presented in Table 9-4 
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Table 9-1 
Uncertainties Associated with Assessing Rtsk 

9-20 2/9/96 



OU 7 Revrsed Draft I W .  DD and Closure Plan 

Engineered Cover 
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DOE 1993a Final Groundwater Assessment Plan U S  Department of Energy, 
Rocky Flats Plant, Golden, Colorado 

DOE 1993b Final Phase Ill RFI/RI, Rocky Flats Plant, 881 Hillside Area (Operable 
Unit No 1) U S  Department of Energy, Rocky Flats Plant Golden, Colorado 
November 

DOE 1993c Rocky Flats Plant Site Environmental Report, January-December, 1992 
U S Department of Energy Rocky Flats Plant, Golden Colorado April 

DOE 1994a Final Work Plan Technical Memorandum for Operable Unit No 7- 
Present Landfill (MSS 114) and Inactwe Hazardous Waste Storage Area (MSS 
203) U S  Department of Energy, Rocky Flats Site, Golden, Colorado 
September 

DOE 1994b Landfill Pond Leachate Collecoon (Operable Unit 7) Memorandum 
from DOE-RFO to EG&G ER DFG 04395 Apnl22 

DOE 1994c OU 7 Area Well Abandonment Proposal Letter from S Slaten of DOE 
to M Hestmark of EPA and J Scheffelin of CDPHE January 13 

DOE 1994d Final Operable Unit No 7 Process Improvement Proposal Letter from 
Jessie Roberson of DOE to Martin Hestmark of EPA and Gary Baughman of 
CDPHE May23 

DOE 1994e CDPHE Source Area Delineation and Risk-Based Conservative Screen 
and EPA Area of Concern Delineation, Human Health h s k  Assessment, OU6 - 
Walnut Creek Prionty Dramage Draft Final Letter Report U S Department of 
Energy Rocky Flats Environmental Technology Site Golden Colorado October 

DOE 1994f Guidance on the Application of Floodplam Regulations to Rocky Flats 
Plant Memorandum from S J Olinger, Acting Assistant Manager of Environment, 
Safety and Health at DOE to T G  Hedahl Associate General Manager of 
Environment and Waste Management at EG&G May 3 

DOE 19948 Rocky Flats Environmental Technology Site Natural Resource Trustee 
Memorandum of Understanding (MOU among DOE, U S  Department of the 
Interior, Colorado Department of Natural Resources State of Colorado Attorney 
General, CDPHE and EPA) November 
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DOE 19951 Memorandum of Agreement for the Adrmmstration of a Wetland Bank 
at Rocky Flats 

Domenico, P A ,  and G A Robbins, 1985 A New Method of Contarmnant Plume 
Analysis Groundwater, 23 4 476-485 

EG&G 1990 Rocky Flats Plant Well Abandonment/Replacement Program Plan 
EG&G Rocky Flats, Inc Golden, Colorado November 

EG&G 1991 Groundwater Monitonng and Protecbon Plan EG&G Rocky Flats, 
Inc Golden, Colorado November 

EG&G 1992a Surface Geologic Mapping of the Rocky Flats Plant and Vicinity 
Jefferson and Boulder Counties Colorado Phase 11 Geologic Characternation 
Data Acquisition EG&G Rocky Flats Inc , Golden, Colorado March 

EG&G 1992b EMD Operating Procedures 5-21000-0PS, Volume II Groundwater 
Manual GW 6, Groundwater Sampling Revision 2 EG&G Rocky Flats, Inc , 
Golden, Colorado March 

EG&G 1992c EMD Operating Procedures 5-2 1OOO-OPS, Volume II Groundwater 
Manual, GW 1 Water Level Measurements in Wells and Piezometers Revision 2 
EG&G Rocky Flats Inc Golden Colorado March 

EG&G 1993a Adoption of Presumptive Remedles in Process Improvement Proposal 
Letter from R Benedetti of EG&G to R Schassburger of DOE June 17 

EG&G 1993b Geotechnical Engineenng Report for Geotechmcal Analysis of 
Earthen Dams A-3, B-1 B-3 and Landfill Dam Rocky Flats Plant EG&G Rocky 
Flats Inc Golden, Colorado January 

EG&G 1993c Background Geochemcal Characterization Report for 1993 Rocky 
Flats Plant EG&G Rocky Flats Inc , Golden Colorado 

EG&G 1993d Groundwater Protection and Monitonng Program Plan for Rocky Flats 
Plant EG&G Rocky Flats, Inc , Golden, Colorado October 

EG&G 1994a Annual RCRA Groundwater Monitonng Report for Regulated Units at 
Rocky Flats Plant EG&G Rocky Flats, Inc , Golden, Colorado February 

EG&G 1994b Statistical Compmsons of Site-to-Background Data in Support of 
RFI/RI Investigations Rocky Flats Plant Guidance Document Draft B EG&G 
Rocky Flats Inc Golden Colorado January 
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EPA 1988 Guidance for Conducting Remelal InvesQgahons and Feasibility Studies 
Under CERCLA Intenm Final, EPA/540/6-89/004 U S Environmental 
Protechon Agency October 

EPA 1989a h s k  Assessment Guidance for Superfund, Volume I, Human Health 
Evaluation Manual (Part A) Intenm Final, EPA/540/1-89/002 u s  
Environmental Protection Agency December 

EPA 1989b CERCLA Compliance with Other Laws Manual Intenm Final, 
EPA/54O/G-89/009 U S Envuonmental ProtecQon Agency August 

EPA 1989c CERCLA Compliance with Other Laws Manual, RCRA ARARs Focus 
on Closure Requirements 9234 2-04FS U S Environmental Protection Agency 
October 

EPA 1989d Techmcal Guidance Document Final Covers on Hazardous Waste 
Landfills and Surface Impoundments EPN530-S W-89-047 U S Environmental 
Protection Agency July 

EPA 1989e Requirements for Hazardous Waste Landfill Design, Construction, and 
Closure EPA/625/4-89/022 U S Environmental Protection Agency Cincinnah, 
ohlo 

EPA 1990a National Oil and Hazardous Substances Pollution Contingency Plan 
(NCP) 55 Federal Register Section 8666 8746 U S Environmental Protection 
Agency March8 

EPA 1990b A Guide to Delisting of RCRA Wastes for Superfund Remedial 
Responses Office of Solid Waste and Emergency Response Quick Reference Fact 
Sheet 9347 3-09FS U S Environmental Protection Agency September 

EPA 199 1 a Conducting Remedial Investigatlons/Feasibility Stules for CERCLA 
U S Municipal Landfill Sites, OSWER Directwe 9355 3-1 1 ,  EPA/540/P-91/001 

Envlronmental Protection Agency February 

EPA 1991b Risk Assessment Guidance for Superfund Volume I, Human Health 
Evaluation Manual (Part B), Development of Risk-Based Prelimnary Remediation 
Goals Intenm Final EPA/54-/R-92/003 U S Environmental Protection Agency 
December 
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McDonald, M G , and A W Harbaugh 1991 MODFLOW PC, A Modular Three- 
Dimensional Finite-Difference Groundwater Flow Model , Version 3 3 March a 

Means 1994 Means Cost Handbook 

Merck Index 1989 An Encyclopedia of Chemcals Drugs and Biologicals Eleventh 
Edihon Merck & Co , Inc , Rahwah, New Jersey 

Nelson, C 1995 Personal communication via Bill &chards, Woodward-Clyde 
Consultants EPA 

Ramer, N 1996 Personal communication N Ramer of Dynaphore Inc with J 
Jankousky of The S M Stoller Corporahon February 1 

RMRS 1995a EMD Operahng Procedures 4-F99-ENV-ORS-FO 23 Volume I Field 
Operations Manual FO 23, Management of Soil and Sediment Inveshgative- 
Derived Matenals (IDM) Rocky Flats Environmental Technology Site 
September 

RMRS 1995b Special Concern Species for the Rocky Flats Environmental 
Technology Site Rocky Mountin Remediation Services, L L C Golden, 
Colorado September 20 

Rockwell International 1982 Sanitary Landfill Extension Detal Sheet Drawing 
Number 27915-006, D-size, Sheet 6 Rocky Flats Plant Golden Colorado 
August 

Rockwell International 1986 Resource Conservation and Recovery Act Part B - Post- 
Closure Care P e m t  Application for U S Department of Energy Rocky Flats Plant 
Hazardous and Radioactive Mixed Wastes Unnumbered Report Rocky Flats 
Plant, Golden, Colorado 

Rockwell Internahonal 1987 Resource Conservation and Recovery Act Part 
B-Operating P e m t  Application for U S DOE Rocky Flats Plant, Hazardous and 
Radioactive Mixed Wastes, Revision 1 Rocky Flats Plant Golden, Colorado 

Rockwell International 1988a Present Landfill Hydrogeologic Charactenzation 
Report Rocky Flats Plant (Appendix 6 of Closure Plan, Inactive Interim Status 
Facilities, Hazardous Waste Storage Area SWMU #203), Rocky Flats Plant 
Golden Colorado 

Rockwell International 1988b Closure Plan Inactive Intenm Status Facilihes 
Hazardous Waste Storage Area SWMU #203 Rocky Flats Plant, Golden, 
Colorado 
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DRAFT PROPOSED PLAN AND DRAFT MODIFICATION OF 
COLORADO HAZARDOUS WASTE PERMIT 

FOR ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
OPERABLE UNIT 7 PRESENT LANDFILL 

United States Department 
of Energy (DOE) Jefferson County Colorado March8 19% 

DOE Announces Preferred Alternative for OU 7 Present Landfill 

The responsibility for the cleanup of  the Rocky Flats 
Environmental Technology Site (Rocky Flats) (formerly known 
as the Rocky Flats Plant) has been assigned to the United States 
Department of Energy (DOE) The site is located north of 
Golden Colorado in Jefferson County 

Cleanup at Rocky Flats is being admnistered under both the 
Comprehensive Envuonmental Response Compensatron and 
Ma& Act (CERCLA)' and the Resource Consewahon and 
Recovery Act (RCRA) The specific requirements and 
responsibilitles for Rocky Flats cleanup are outlined in the 
Znteragency Agreement (ZAG) which was negotlated among 
DOE the United States Environmental Protection Agency 
(EPA) and the Colorado Department of Public Health and 
Environment (CDPHE) EPA is the lead regulatory agency for 
this actlon 

The subject of this document which is a combinaon c o m h v e  
and Remedral Actwn Proposed Plan (PP) and Draft Hazardous 
Waste P e m t  Modification is Rocky Flats Operuble Unrt (OU) 7 
the Present Landfill OU 7 consists of four Urdrv&iual hazardous 
substance sues (ZHSSs) including and associated wth the Present 
Landfill (IHSS 114) The remedial actlon addresses closure of two 
o f  the four IHSSs IHSS 114 and IHSS 203 (Inactive Waste 

MARK YOUR CALENDAR OPPORTUNITIES FOR PUBLIC INVOLVEMENT 1 

Storage Area) No further actlon is proposed for the other two 
IHSSs IHSS 167 2 (Pond Area Spray Field) and IHSS 167 3 
(South Area Spray Field) This PP apphes only to OU 7 

The purpose of the PP is to announce DOE spmfemd akernahve 
for OU 7 The PP serves as the basis for the C o m h v e  Achon 
Decrsron/Record of Deczswn (CAD/ROD) for OU 7 The Draft 
Pemut Mdficahon is used to incorporate remedial action 
decisions at Rocky Flats into the site s RCRA p e m t  CDPHE 
issues the Final Hazardous Waste P e m t  Mdficahon after the 
re-al declsion process is complete Closure requirements for 
OU 7 under RCRA and the Colorado Hazardous Waste Act 
(CHWA) can be achieved through two mons an accelerated 
actlon for passive leachate collechon and treatment and an 
intendfinal achon of landfill conmnment Landfill conmnment 
is the preferred remedy for CERCLA municipal landfills and can 
thus be pursued as a presurnptlve remedy The accelerated actlon 
for passive leachate collechon and treatment was approved by 
EPA and CDPHE in June 1995 Passive leachate collection and 
treatment was implemented in late 1995 and early 1996 This PP 
descnbes the presumpuve remedy for conmnment of the landfill 
source area and also addresses pathways and potennally 
contammated &a outside the source area resulhng in a 
comprehensive plan for closure of OU 7 

Public Comment Penod December 15 1995 February 16 1996 

Public Heanng December - 1995 
Time 7 0 0  800PM 
Locatlon Anada Center 6901 Wadsworth Blvd Arvada 

Send Comments to 
DOE s External Affairs Office 
P 0 Box 928 Golden CO 80402 0928 

W Carl Spreng Geologist 
Colorado Depmment of Public Health and 

4300 Cherrv Creek Dnve South 
Environment HlrlWMD HWC B2 

Information Repositones 
Rocky Flats Public Reading Room 
Front Range Commuruty College 
Level B 
3645 W 1 12th Avenue 
Wesuninster CO 80030 

Colorado Department of Public 
Health and Envmnment 

Hazardous Matenals and Waste 
Management hvision 

4300 Cherry Creek Dnve South 
Denver CO 80222 1530 

Rockv Flats CihZnS Advisory Board 
9035 Wadsworth Parkway 
Suite 2250 
Westnunster CO 80021 

Standley Lake Ltbrary 
8485 hpling 
Arvada CO 80005 

U S Environmental Protechon Agency 
Superfund Records Center 
999 18th Street. 5th floor 
Denver CO 80202 2466 

Denver CO 80222 1530 
Phone (303) 692 3358 

I 
Words shown in italics on the first mention are defined in the glossary at the end of this Proposed Plan 
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Figure 2 

OU 7 includes four areas prewously idenhfied as IHSSs where 
past operahonal prachces may have resulted in enwronmental 
impacts (Figure 2) Bnef descnphons of the OU 7 IHSSs are 
presented below 

IHSS 114, Present Landfill The Present Landfill is located 
north of the indusmal area on the western end of No Name 
Gulch It encompasses apprommately 20 acres h h a l l y  
soils were hauled in from an onsite borrow area and 
deposited in the natural drrunage to provide a 5 foot thick 
base for landfilhng Rocky Flats hazardous and 
nonhazardous wastes were disposed at the landfill between 
1968 and 1986 only nonhazardous wastes have been 
lsposed at the landfill since 1986 Asbestos was lsposed in 
pits near the eastern edge of the landfill 

IHSS 203, Inactwe Hazardous Waste Storage Area. The 
Inactive Hazardous Waste Storage Area is located at the 
southwest corner of the Present Landfill The area was 
actively used between 1986 and 1987 as a hazardous waste 
storage area for both drummed liquids and sohds Cargo 
contamers on the ground conmned drums wth hquid waste 
solid waste in drums was stored outside the cargo contamers 
All drums and cargo conmners were removed in May 1987 

MSSs 167 2 and 1673, Sprav Evaporation Areas These 
IHSSs are two discrete areas adjacent to the landfill that 
received spray waters from the East Landfill Pond between 
1975 and 1994 Waters collected in the East Landfill Pond 
were penodically sprayed at the two locahons to m n m n  the 
pond water level at 75 percent capacity 

Several intenm response m o n s  have been implemented at OU 7 
since 1973 to control landfill leachate Response acuons include 
construction of a surface water diversion ditch two detenhon 
ponds east of the landfill a subsurface groundwater intercept 
system a subsurface leachate collection trench and a passive 
leachate collection and treatment svstem 

SUMMARY OF SITE RISKS I 
The mks to human health and the environment associated wth  
OU 7 were charactenzed through two phases of field 
inveshgatlons and are summanzed in the OU 7 Draft Final Phase 
I IM/IRA DD and Closure Plan Under the presumphve remedy 
approach a quanhtanve basehe nsk assessment is not necessary 
if the conmnment remedy addresses pathways and c o n m n a n t s  
of concern associated wth  the source Rather all potenhal 
exposure pathways can be idenhfied using a conceptual site model 
and compared to the pathways addressed by a presumpve 
remedy These compansons are prowded in the OU 7 Draft Final 
Phase I I M R A  DD and Closure Plan 

The nsks present in potenhal exposure pathways at OU 7 that wll 
not be addressed by the presumphve remedy were quantlfied using 
a focused nsk assessment approach to detemne if a response 
achon is necessary The focused nsk assessment process consists 
of mmpanng the =mum concentratlon of each chemcal 
occumng at OU 7 agsunst the sitewde prelimnary r e d a n o n  
goal (PRG) established for Rocky Flats chemcals occumng at 
concentranons e x d n g  the PRG are then subjected to the 
focused quanhtahve nsk assessment analysis includmg 
quanhficahon of exposure and toxlcihes This process is 
undertaken for both human and ecologrcal m p t o ~  No 
enwronmental nsks were idenhfied beyond the proposed landfill 
conmnmnt for open space users Because there are no nsks to 
open space users from soils in the spray evaporahon areas (IHSSs 
167 2 and 167 3) no further achon is required for these IHSSs 

Average concentraaons of chemcals were also compared to 
appkabk or rekvant and appmpnate requvnnents (AR.4R.s) 
Final Remedud Actwn Objechves (RAOs) were developed by 
ehmnahng prehmnary RAOs for which there IS no nsk to the 
potenaal receptor analytes do not exceed ARARs or the exposure 
pathway is incomplete Post closure momtonng for 30 years is 
included as part of the PP in accordance with CHWA 
requirements to confirm that nsk r e m n s  in the acceptable range 

The followng RAOs have been set in accordance wth EPA 
guidance for protechon of human health and enwronmental 
receptors from potenhal adverse effects associated w t h  the 
landfill 

1 

2 

prevent &rect contact wth  landfill contents 

mnimze infiltratlon and resulhng contarmnant leaching to 
groundwater 

control surface water runoff and erosion 

control landfill gas (treat as needed) 

control groundwater in the source area 

collect and treat landfill leachate (as needed) 

3 

4 

5 

6 

These RAOs were used to formulate appropnate remedial m o n  
altemahves for OU 7 
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8 REGULATORY AGENCY ACCEPTANCE l h s  
cntenon is evaluated after the pubhc involvement process 
before the final decisions regard~ng the PP 0 9 C O M M m  A C a m m C E  ms cntenon 1s 
evaluated after the pubhc involvement process before the 
final decisions regarding the PP 

i AII m u I AlUmllN ! rnarnaa a ! Altarnal a ' 

Figure 3 

SUMMARY OF PREFERRED 
ALTERNATIVE 

The OU 7 demled analysis of altemahves concludes that 
Alternative 2 Cap Passive Gas Collection and Monitonng Seep 
Water Discharge to Groundwater best meets the RAOs of the 
I M R A  Major factors includmg the long term and short term 
effectiveness and implementability coupled wth the techmcal 
performance made this the preferred altemahve In addihon to the 
proposed remedial achon the I M R A  document proposes a 
30 year post closure mntenance and monitonng plan to be 
implemented after the cover is installed This plan includes 
semannual upgradient and downgradient groundwater monitonng 
quarterlv gas momtonng and annual cover surveys and facihty 
inspections The OU 7 Closure and Post Closure Plans are 
included in the OU 7 Draft Phase I I M R A  DD and Closure Plan 
located in the information repositones listed on page 1 of this plan 

GLOSSARY 

Apphcable or Relevant and Appropnate Requrements 
(ARARs) ARARs are cntena standards or hmtanons 
promulgated under state or federal law that may be selected to 
establish cleanup levels a remedial acnon is to obtam 

Basehne Wsk Assessment (BRA) An assessment of the nsks to 
human health and the environment at a site The methodology 
employed in nsk assessment uses contanunant concentrahons and 
potenhal exposure routes to quantify nsks associated wth present 
and future site conditions 

omprebemve Enwronmental Response, Compensation and 

and amended in 1986 to establish a program to idem@ abandoned 
* Liabihtv Act (CERCLA or Superfund) A law passed in 1980 

hazardous waste sites ensure that they are cleaned up and 
evaluate damages to natural resources 

Correcbve Action Deosion/Record of Deasion (CAWROD) 
A pubhc document that explans which cleanup altemative(s) are 
selected at a RCWCERCLA site The CADROD is based on 
informahon obtiuned from the RFl/Rl the CMSES and 
community pamapahon 

Corrective and Remedud Acbon hposed Plan (PP) The 
pubhc document that first introduces the lead agency s prefemd 
altemmve for site remedimon The PP is produced through the 
coopemon of the lead and regulatory agencies and IS reviewed by 
the pubhc 

himdual Hazardous Substance Site @rss) An area that may 
be contarmnated as a result of previous operauons and d~sposal 
practlces 

Interagency Agreement (IAG) The January 22 1991 document 
prepared by representatlves from DOE EPA and CDPHE It 
presents the objechves and g e n d  protocols for addressing the 
cleanup or evaluahon of each of the operable umts at Rocky Flats 

Interim Measure/Interim Remedial Action (JIWIRA) An early 
actlon taken to control a release or threatened release of  hazardous 
substances 

Operable Umt (Ow A term defined by CERCLA used to 
descnbe a c e m n  portlon of a CERCLA site An operable umt 
may be estabhshed based on a pmcular type of contarmnahon 
contarmnated h a  (e g soils water) source of contammauon 
and/or geographical locanon 

Preferred Alternative The prehmnary recommendahon that is 
judged to best address the CERCLA Cntena of overall p r o m o n  
of  human health and enwronment compliance unth ARARs long 
and short term effechveness implementability cost and the 
reduchon of  contanunant toxlcity mobihty or volume through 
treatment 

Remedial Acbon Objectives (RAOs) 
specific goals for protechng human health and the enwronment 

RAOs are medium 

Resource Conservatmn and Recovery Act (RCRA) A law 
passed in 1976 by the U S Congress to require the cradle to 
grave management of hazardous wastes CDPHE through the 
Hazardous Matenals and Waste Management Diwsion 
implements RCRA in Colorado 

Respomiveness Summary The part of  the CADROD that 
summarizes pubhc and agency comments and provides responses 
to those comments 

Wsk The likelihood of an adverse effect on the health of  a 
human or ecological population as a result of  exposure to 
chemcal and/or radiological constituents 
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B 1 Drawdown Recovery Test Data and Analyhcal Solubons 

The data for the hydraulic conductlvihes are compiled from two sources Tables B-1 
through B-5 present the hydraulic conductivities established in the OU 7 Final Work 
Plan (DOE 1994) In Figures B-1 through B-3, the results of the tests performed in the 
adhtional Phase I field invesugation are shown The data from adhhonal Phase I field 
invesbgabon are not included in Tables B-1 through B-5 because these tests were 
performed after the informauon was compiled for the numencal flow model However 
these values fall well w i h n  the range of the data found in the OU 7 Final Work Plan 
A descnption of the methodologies for the drawdown-recovery and slug tests 
performed is located in the OU 7 Fmal Work Plan 

The hydraulic conductlvity ranges for the vanous geological formauons are as follows 
the values ranged from 9 62 E-06 to 6 70 E-04 for the art~ficial ffi, the values ranged 
from 5 90 E-06 cdsec  to 1 30 E-03 cdsec for the alluvial matenals, the values ranged 
from 148 E-07 cdsec to 1 29 E-06 cdsec  for the weathered bedrock hydraulic 
conductlvity, and finally, the values ranged from 4 70 E-07 cdsec  to 1 05 E-06 cdsec  
for the unweathered bedrock 

Completion informatlon for wells downgradent of the landfill is provided in Table a B-6 

B 2  References 

DOE 1994 Final Work Plan Technical Memorandum for Operable Umt No 7- 
Present Landfill (MSS 114) and Inactlve Hazardous Waste Storage Area (MSS 203) 
U S Department of Energy, Rocky Hats Site, Golden, Colorado September 
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Table B-1 
Geometric Mean of Hydrauhc Conductivity for OU 7 Suflicial Matenals 

(Alluvial and Artficial F1l1) 
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Table B-3 
Geometric Mean of Hydrauhc Conductmty for OU 7 Alluvial Matenals 
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Wells In the Vlclnlty of the East Landfill Pond 

0786 Qc 3 00-5 74 UHSU 1986 

0886 KaKlSS(U) 59 08 63 79 LHSU 1986 

8206789 KaKl(W) 9 80-19 28 UHSU 1989 . 
8206889 KaKl(W) 600-1745 UHSU 1989 

Table B-6 
Completion Information for Wells Downgradrent of the LandfU 
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Figure B-1 
AQTESOLV Solution for Well 53094x 
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Figure B-2 
AQTESOLV Solution for Well 53194 
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Figure B-3 
AQTESOLV Solution for Well 8207089 
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a c1 Introduction 

Groundwater flow modelmg and partxle traclung were performed m support of the 
Phase I Intenm Measureflntem Remelal Action (IM/IRA) Decision Document for 
Operable Umt (OU) 7 The flow modeling and particle traclung mcreased 
understandmg of the hydrogeologic system and provided informanon regardmg the 
effectiveness of vanous closure scenanos for the lanHill Water balances were 
performed for vanous closure scenanos usmg the numencal model The purpose of 
the water balances is to assess the contnbubons of the vmous potentlal sources of 
inflow to the landfill that contribute to leachate generabon These sources mclude 
infiltration of precipitanon, or recharge, milow under or through the groundwater- 
intercept system, inflow under or through the north and south slurry walls, and M o w  
from the weathered bedrock below the landfill 

C2 Objectwes 

The objectives of the groundwater modeling for OU 7 are as follows 

a 

a 

a 

a 

Support the Phase I IM/IRA Decision Document 

Develop an enhanced conceptual model of the flow system at OU 7 

Estimate flow volumes mto the landfill through groundwater flow and infiltration 

Establish the relative importance of surficial matmals and weathered bedrock in 
the transport of contaminated groundwater 

Provide estimates of flow into and out of the landfill mass at vmous locabons 
around the lanNill penmeter 

Determine pathways for contaminants and develop strategies to mtercept or 
interrupt these pathways 

Provide a relative compmson of v m o u  remedial acbon alternatives designed to 
intercept or interrupt contarmnant pathways 

C3 Conceptual Mode1 

The conceptual model is descnbed in Secbon 2 3 1 of th~s report Important 
components of the groundwater system in and near the landfill include idiltranon, 
flow in surficial matenals, flow in weathered bedrock, flow captured by the 
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C5 1 Selection of Gnd Extent and Model Boundanes 

A model gnd of 5,000 feet by 1,500 feet was selected The selected area extends 
approximately 500 feet upgradient of the landfill mass to the west, 2,000 feet 
downgrdent of the East LanNill Pond to the east, 200 feet south of the landfill to a 
groundwater divide, and 500 feet north of the lanNill The long axls of the model gnd 
is onented approxlmately 16 degrees north of magnetic east Ths onentahon puts the 
long axis of the model gnd parallel to the mam drechon of flow Surficial matenals 
are modeled as the upper layer, weathered bedrock is smulated as the second layer, 
and unweathered bedrock is modeled as a no-flow boundary Thls gnd size and 
onentation focuses on the landfill mass and surroundmg area Ths area has 
approxlmately 30 momtonng wells in sdicial matenals and 10 momtonng wells in 
weathered bedrock The area has been well studied by previous mveshgabons (DOE 
1994) 

The south boundary of the model is coincident cnth a groundwater diwde and is 
smulated as a no-flow boundary The west and east boundanes are smulated as 
constant head boundanes The north boundary is simulated as a general head 
boundary, whch allows adjustment of the flux of water m the model The stream 
below the dam was sunulated usmg general head boundary cells Dram cells were 
used to simulate the exlstmg groundwater-mtercept system Dram cell elevabons were 
set according to as-bmlt drawmgs for the groundwater-mtercept system In some 
locations, these elevations are above the top of weathered bedrock, providmg a 
potential pathway for groundwater flow The East Landf2l Pond is modeled as a 
constant head boundary Two different boundary con&tions were used to simulate the 
leachate seep a constant head boundary cell and a dram cell No major differences 
were observed between the use of the two different types of b u n c h e s  The fmd 
calibrated model used a dram head cell to smulate the seep Exlstmg slurry walls and 
the East Landfill Pond dam are smulated by low hydraulic conductiwty cells Layer 1 
model gnd and model boundanes are presented m Figure C-1 and Table C-1 Layer 2 
model gnd and model boundanes are presented m Figure C-2 and Table C-2 

C5 2 Selection of Gnd Cell Sue 

A grid cell size of 50 feet by 50 feet is used throughout the model Th~s size was 
chosen because of the need to simulate a vanety of saturated zone features, such as 
slurry walls, dram, capture wells, and low conduchvity areas (1 e , landfill dam), that 
are relatively close together 

C5 3 Topographic and Hydrauhc Parameter Data 

The bottom of alluvium and bottom of weathered bedrock elevanons were obtamed 
from avadable sitecnde geographc mformaaon system (GIs) information These 
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To assist m calibration, the computer program CALSTATS was used Thls program 
calculates the residual at each well, residual mean, residual standard dewabon, residual 
sum of squares, and absolute residual mean For surficial materrals, 17 target locations 
and heads were used For weathered bedrock, m e  target locations and heads were 
used The CALSTATS results for the no-action scenano are presented m Table C-4 

The current model calibration uses recharge values ranging from 0 0002 feedday (0 88 
inchedyear) to 0 0004 feethy (1 76 inchedyear) The larger of these two values is 
approximately 11 percent of the average annual precipitauon at Rocky Flats The 
values were selected through a mal and error process wth hydraulic conduchvlty 
values set at the values discussed below The conductances of general head boundanes 
and dram cells were vaned to modulate flows mto and out of these cells 
Unfortunately, no data exlst regardmg flows m the groundwater-intercept system 
Simlarly, there are no momtomg wells or piezometers at or near the selected model 
bounhes  Any errors at the boundaries should be relabvely ummportant wthm the 
area of concern (the landfill mass and surroundmg area) 

The hydraulic conducbwbes were changed w h n  the range of conductrvibes that had 
been exhlbited for the layer in question Hydraulic conduchwty values for Layer 1 
range from 0 042 to 7 2 feedday, mth 0 72 feedday assigned to most cells Most cells 
in Layer 2 are assigned a hydraulic conduchwty value of 0 0022 feedday, with certam 
cells assigned a value of 0 022 feedday Hydraulic conductimty values for layers 1 and 
2 are presented in Figure C-5 and Figure C-6, respectwely The number inside each 
cell represents a model “zone number” for hydraulic conduchvity Note that each cell 
is assigned a zone number for bottom elevahon and a different zone number for 
hydraulic conductivity The hydraulic conducbvities correspondmg to each hydraulic 
conductivity zone number are presented in Table C-5 

The model was not particularly sensitive to the ratio of honzontal to v e r t d  hydraulic 
conductivibes Rabos between 1 and 10 were evaluated The rabo of 10 was selected 
for the final calibration because h s  value resulted m a slightly reduced residual sum of 
squares value 

To confirm the assumpbons used wthm the MODFLOW model and the water balance, 
the evidence and conclusions presented in the OU 7 Fmal Work Plan (DOE 1994) were 
examined The Final Work Plan concluded that the groundwater-mtercept system is 
effective on the south side of the landfill and is not effectwe on the north side of the 
landfill l h s  conclusion is supported by Figure C-7, Potenbometnc Map of Surficial 
Mated ,  and by Figure C-8, Saturated Thickness of Surfcial Material Figure C-7 
shows the 5,970-foot potentiometnc surface lme bulgmg into the landfXl mass, and 
Figure C-8 shows that saturated thicknesses on the north side of the landfill range from 
10 to 20 feet The potentiometric surface is depressed on the south side of the landfXl 
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not observed The CALSTATS results for the Apnl 1992 well head measurements are 
presented in Table C-6 

C7 Sensitwity Analysis 

Sensitmty analysis was performed on the followng parameters recharge, hydraulic 
conductwity, the heads of the constant head and general head boundanes, and the 
conductances of the general head boundanes and the dram cells The measures used to 
assess quality of fit were the parameters calculated by the CALSTATS program 
CALSTATS calculates the residual mean, the residual standard deviation, the residual 
sum of squares, the absolute residual mean, the muumum residual, the maxunum 
residual, the observed range m head, and the residual standard dewatiodrange for the 
entre model and for each of the layers separately The model showed itself to be 
somewhat insensitwe to the heads of the constant head and general head boundanes on 
the penmeter of the model A set of estmated head values for the model boundary 
were established fiom an existing sitewde potenbometnc surface map (EG&G 1995) 
Changmg values w h  a “reasonable” range @lus/mus three feet) clrd not drashcally 
affect the calibration The model was more sensitwe wth  respect to the heads and 
conductances of the general head boundanes representmg the streams and the dram 
cells representmg the exlsting groundwater-intercept system Hydraulic conductnuties 
and recharge are heawly interdependent For any given set of hydraulic conductivibes, 
the model was sensitive wth  respect to recharge The hydraulic conductmties used 
are grouped around a value two tunes the geometnc mean of measured values The 
model also calibrated well (residual sum of squares for Layer 1 less than 150) usmg 
values grouped around the geometnc mean The model did not calibrate well using 
greater hydraulic conductivities (residual sum of squares mcreased and number of 
wells not meeting calibration target mcreased) The calibrahon usmg two hmes the 
geometnc mean as the “base” hydraulic conductwity was chosen because of quality of 
fit and reasonableness of sunulated flows at the leachate seep 

C8 Predictwe Simulatrons 

As stated above, the imtial model was run using a transient state for 10,000 days wth a 
time step of 5 days Tlus 10,000-day time penod wth  no stresses simulated a steady- 
state condibon The steady state heads were used as the mnal heads for predictwe 
simulations Rather, average 
conditions over tune were modeled 

No attempt was made to model seasonal condibons 
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CS2 

from bottom to top (plan view) Cells on the north, west, and south are tabulated 
together because these are the expected d l o w  cells to the landfill Cells on the 
east side are tabulated separately because they are the expected oudlow cells to the 
landfill (Table C-8) The flows across each segment of the boundary plane are 
tabulated in Table C-8 and presented in Figure C-10 The flow rates presented m 
Figure C- 10 represent the results of the water balance for the no-acbon s c e m o  

3 Vemcal flow is tabulated in Table C-9 for all cells wthm the honmntal boundary 
planes For the MODFLOW model, vertical inflow is groundwater flow between 
cells in dlfferent model layers (flow through the lower face of mdiwdual cells) 
(Figure C-1 1) 

4 The landfill area receivmg recharge from precipitabon (dltration) is calculated 
A check was performed to locate any dry cells that wdl not receive recharge The 
flow rate of recharge is calculated usmg the recharge area and the recharge flux 
rate (Table C-10) 

5 A water balance is performed usmg the honmntal idow,  vertical mflow, recharge, 
and honmntal outflow (Table C- 1 1) 

6 Tables C-12 to (2-15 provide detaded mformaoon on the water balance for the cap 
only alternabve Tables (2-16 to C-19 provide detaded mformabon on the water 
balance for the cap and north slurry wall alternative 

Particle Traclung 

The basic calibrated flow model combined wth parhcle trackmg usmg PATH3D was 
used to establish flow paths in and near the landfill mass Pmcle trackmg for surficial 
materials and weathered bedrock is presented in Figures C- 12 and C- 13, respectwely 
The particle trackmg is for 10,000 days for both figures PATH3D uses effectwe 
porosity combined wth specific discharge to calculate seepage velocity Retardation is 
incorporated in PATH3D by multiplymg the effective porosity by the retardation 
factor, decreasing the seepage velocity 

For these particle traclung runs, effectwe porosity is assumed to be 0 10 and 
retardabon is set to 1 0 The speed of particle movement is extremely sensitwe to the 
mput values for effective porosity and retardabon The pathways taken by the parhcles 
are not affected by these values Studies at Rocky Flats have produced an effective 
porosity value of 0 10, whch is an apprombon of the specific yield for the 
subsurface media (Belcher 1995) By using a retardabon factor of 1, the parhcle 
traclung velocities approxlmate the expected velocibes for a tracer compound llke 
chloride Contaminants wth a retardation factor greater than 1 wll  have expected 
velocities that equal the velocity of the tracer dlwded by the retardation factor 
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to smulate the proposed cap A comparrson of flows out of the landfN mass over the 
10,000-day penod for the no-acbon scenano, the cap-only scemo,  and the cap and 
north slurry wall scenano are presented m Figure C-14 For the no-action scenano, the 
flow out of the landfdl mass stays constant at 1 95 gpm For the cap-only scenano, the 
flow out of the landf2l decreases quckly and equilibrates at 0 97 gpm at 5,000 days 
The flow rate remamed steady after 5,000 days Ths mplies that equlibnum has been 
reached wth the d l o w  to the landfill equalmg the outflow For the cap and north 
slurry wall scenano, the flow out of the landfill mass decreases more than the flow m 
the cap-only scenario and equlibrates at 0 39 gpm at 8,000 days The potenbometnc 
surfaces for Layer 1 for every 1,000 days of simulated time are presented m Figures C- 
15 through C-25 for the cap-only scenario and m Figures C-26 through C-36 for the 
cap and north slurry wall scenano Areas of dewatermg are shown by muluple 
potenuometnc lines convergmg around an area Figures C-15 and C-26 show four 
areas of dewatemg east of the dam at tune zero m the smulabon Although no wells 
exlst rn the simulated dewatered areas, dus is consistent wth the observahon that wells 
below the dam are often dry For both the cap-only scenano and the cap and north 
slurry wall scenarro, areas of dewatemg appar by 3,000 days (Figures C-18 and C- 
29) At equilibnum, the areas of dewatenng are more extensive for the cap and north 
slurry wall scenarro (Figure (2-36) than for the cap-only scenano (Figure C-25) In 
addibon, the smulated saturated duchess at equdibnum (obtamed by companng the 
simulated potentiometnc surface to layer bottom elevabons) is approxlmately 4 feet for 
the cap and north slurry wall scenano and approxlmately 8 feet for the cap-only 
scenano These saturated duchesses are consistent wth the smulated flow out of the 
l a n ~ i l l  mass of 0 39 gpm for the cap and north slurry wall scenano and 0 97 gpm for 
the cap-only scenano 

Full dewatenng of the landfXl does not occur in either smulabon Two factors prevent 
full dewatemg (1) a small amount of honzontal and vemcal diltrahon st111 occurs 
and (2) a weathered bedrock ndge exists near the center of the landfill, effectively 
trapprng some water in surficial matenals west of this ndge Based on these 
smulations, a decrease m potenbometnc surfaces, saturated thickness m landfill mass, 
and outflow from the lanflill is expected m 5 to 10 years from the date of 
implementation of either the cap only or the cap and north slurry wall The cap and 
north slurry wall combined are more effecbve m reducmg the flow of contammated 
water from the landfdl, reducmg the flow rate of clean water mto the l a n ~ i l l  mass, and 
reducmg the saturated duchess wthm the lanNill mass The cap alone (unthout the 
slurry wall) would elmnate much of the seasonal vanability of flows and would 
virtually elmmate vertical mfiltrabon through waste above the water table Both the 
cap and slurry wall and the cap alone should result in a decrease m contarmnant 

I 

loadmg to groundwater downgradient of the landfill 
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Table C-1 
List of Model Boundaries for Layer 1 

Drain Cells 
Row I Column Layer ; Head IConductance 

16 17 1 i 5972 168E+00 

18 17 1 I 5973 
15 18 1 5970 

168E+00 
168E+00 

16 18 1 5971 I 168E+00 

I 19 18 ' 1 . 5971 , 168E+00 
20 18 I 1 ! 5966 I 168E+00 

12 ' 3 o i  1 5966 I 1 68E+00 
23 3 0 8  1 5964 ! 168E+00 

19 
_ _  ~ 

18 ' 1 5971 168E+00 
20 18 ! 1 5966 
15 19 1 5970 
20 I 19 1 5964 
14 ! 20 I 1 I 5970 

168E+00 
168E+00 
168E+00 
1 68E+00 

- _ _  

23 I 36 ! 1 I 5 9 6 0 ,  168E+00 
16 47 1 ! 5922 i 500E+00 

15 19 ! 1 5970 
20 19 1 5964 
14 ! 20 ! 1 i 5970 

C-15 

168E+00 
168E+00 
1 68E+00 

TAB-Cl XLS Table C-1 Layer 1 

21 20 1 
14 21 1 
21 21 1 
14 22 1 

5964 168E+00 
5970 168E+00 
5964 168E+00 
5970 168E+00 

21 i 22 1 1 5 9 6 4  1 68E+00 

14 I 23 
22 23 
14 24 

' 1 ' 5969 : 168E+00 
1 5 9 6 4 1  1 68E+00 
1 5969 I 168E+00 

- _ _  L 

12 31 . 1 ! 5966 ! 168E+00 
23 ; 31 1 j 5962 I 168E+00 

23 3 2 i  1 : 5962 i 168E+00 
12 3 2 !  1 : 5965 168E+00 

12 33 1 i 5964 i 168E+00 
23 3 3 1  1 . 5962 168E+00 
12 
23 
23 

~ 

34 1 I 5963 ; 168E+00 
34 1 5960 i 168E+00 
35 1 j 5960 ' 168E+00 
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Tabk C-1 
List d#lodet Boundat)cas for Layer 1 
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1 

I 

3 9 1  1 * 5967 I 100E+00 

1 ' 41 1 5965 j 100E+00 

1 43 1 : 5963 ! 100E+00 
1 44 1 5963 I 100E+00 
1 1 4 5  
1 ! 4 6 ,  
1 47 
1 40 
1 49 

C-17 

1 ] 5962 ! 100E+00 
1 ' 5962 I 100E+00 
1 5961 100E+00 
1 5960 : 100E+00 
1 I 5960 100E+00 

TAB-C1 XLS Table C-1 Layer 1 

- .= e&< v . ----..- &->--' 

1 ! m i  1 5 9 4 4 1  100E-01 

1 61 1 I 5944 
4 : 61 I 1 5913 

1 00E-01 
1 0 5 E 4  

1 62 1 I 5943 i 1 WE-01 
I -_ 

4 M I  1 i 5 9 0 9  
16 ' 62 1 5884 
1 63 1 i 5942 
4 ' 6 3  1 1 5905 

1 05E+00 
, 105E+00 
' 100E-01 

1 05E+00 
16 63 1 5884 / 105E+00 
1 6 4 1  1 5 9 4 2 1  100E-01 
5 
16 

64 1 1 5895 I 105E+00 
6 4 i  1 5883 j 1 O~E+OO 

1 1 6 5  1 
5 65 1 1 
16 65 I 1 
1 66 1 
6 6 6 1  1 
16 ! 66 I 1 

5941 ! 100E-01 
! 5895 ' 105E+00 

5883 1 05E+00 
5940 , 100E-01 
5895 1 05E+00 
5883 1 0 5 E 4  

1 I 67 1 i 5939 i 100E-01 
7 
16 
1 

67 1 5887 , 105E+00 
' 67 1 5883 1 05E+00 

68 1 5938 100E-01 
a 1 6 8  1 5885 j 105E+00 - 
16 
1 

- _  J 

6 8 !  1 i 5 8 8 2 1  1 05E+00 
69 1 5937 I 100E-01 
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Table C-1 
List of Model Boundaries for Layer 1 

Row : Column I Layer 
1 6 ! 9 0 :  1 
1 i 91 i 1 
16 ! 91 1 
1 ! 9 2 i  1 

Head Conductance 
5843 1 05E+00 
5922 1 OOE 01 
5842 1 05E+00 
5921 , 100E-01 

16 93 
1 . 9 4  
16 ' 94 

' 1 ! 5840 ! 105E+W 
1 t 5918 I 1 WE41 
1 : 5839 I 1 0 5 E 4  

1 : 95 
16 95 
1 1 9 6  
16 96 
1 97 

1 I 5917 1 WE-01 
1 I 5838 1 05E+OO 
1 591 6 1 WE41 
1 5837 1 05E+W 
1 591 5 1 WE41 

C-19 

. -. - 

16 
1 
16 
1 

TAB-C1 XLS Table C-1 Layer 1 

97 1 5 8 3 5 1  1 0 5 E 4  

98 1 5834 105E+00 
9 9 ;  1 5913 1 WE-01 

98 I 1 5914 I 1 WE41 

16 9 9 1  1 5833 105E+00 



Table C-2 
List of Model Boundaries for Layw 2 

i 



Table C-2 
List of Model Boundaries for Layer 2 

I 11 1 I 2 

. .  
I 12 100 2 5850 I NA 

13 100 2 NA 

5 9 8 6 1  100E-01 
1 00E-01 

10 ! 5985 ! 100E-01 
10 5985 1 100E-01 

i 5 2 5984 100E-01 
10 5 2 

C-21 TAB-C1 XLS Table C-2 Layer 2 

*- .-. +33c&Le- nAs.e&. - -. 7- -4 - -c - 



Table C-2 
List dWudei Boundarb for Layer 2 
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Table C-2 
List of Model Boundaries for Layer 2 

1 1 4 8  2 ' 5956 
1 i & ) :  2 5956 

I Row I Column Laver Head i Conductance1 
1 00E-01 
1 WE-01 

1 1 5 0 ,  2 5955 
1 ; 51 : 2 : 5955 
1 1 5 2 '  2 5954 

1 WE-01 
1 WE-01 
1 WE41 

I 1  1 5 4 '  2 1 5950 I 1 WE-01 I 
1 5 5 i  2 
1 1 5 6 1  2 

I 1 I 57 1 2 
2 i 57 I 2 

5949 j 1 WE-01 
5947 i 1 WE-01 
5945 1 WE-01 
5918 1 67E-02 

1 1 5 8  
3 58 
1 59 
3 i 5 9  

2 5944 lWE-01 
2 5908 1 67E-02 
2 5942 lWE-01 
2 5908 1 67E-02 

1 WE-01 
1 67E-02 
1 67E-02 

4 1 6 3  2 5898 1 67E-02 
16 ; 63 2 5866 1 67E-02 

1 6 3  5939 

1 60 
4 1 6 0  
1 61 

2 j 5941 I 100E-01 
2 ! 5908 1 167E-02 
2 j 5940 1WE-01 

I _ _  

1 1 6 4  
5 1 6 4  

C-23 

e- - A. _- % -  

~ 

2 I 5938 i 1WE-01 
2 ! 5988 I 167E-02 

TAB-C1 XLS Table C - 2 2  Layer 

1 - 6 8  
8 . 6 8  
16 68 

2 5934 1 1 WE41 
2 i 5878 I 167E-02 
2 i 5865 f 167E-02 

1 69 I 2 5933 i 1 WE-01 





Table C-2 
List of Model Boundaries for Layer 2 

1 95 2 5914 ! 1 WE-01 

C-25 

16 9 6 1 2  
1 I 97 I 2 

TAB-C1 XLS Table C-2 Layer 2 

h - I &-.& 1 

5821 I 167E-02 
591 1 I 1 WE-01 

16 97 2 1 5819 1 67E-02 

16 ' 9 8 !  2 5818 1 67E-02 
1 9 9 i 2  i s s o s  100E-01 
16 j 99 2 5816 : 167E-02 



I -  

a- 
c- 

f -.. -! 



a Table C-4 
CALSTATS Results for No-Action Scenario 

Summary Stat~st~cs for Entire Model 

Residual Mean = 3 681604 

Residual Standard Dev = 6 984842 

Residual Sum of Squares = 1620 897893 

Absolute Residual Mean = 4 581294 

Minimum Residual = 25 926758 

Maximum Residual = 3 691 055 

Observed Range in Head = 126 170000 

Res Std Dev /Range = 0 055361 

Stattst~cs for Layer 1 

Number of Targets = 17 

Rmdual Mean = -0 351134 

Residual Standard Dev = 2 412037 

Residual Sum of Squares = 101 000670 

Absolute Residual Mean = 1 693227 

Minimum Residual = 6 215293 

Maximum Resrdual = 3 691 055 

Observed Range in Head = 106 46oooO 

Res Std DevJRange=OO22657 

StatIsks for Layer 2 

Res Std Dev /Range = 0 068420 

Residual Mean = 9 972491 

Residual Standard Dev = 8 332280 

Residual Sum of Squares = 151 9 897223 

Absolute Residual Mean = 10 036532 

Minimum Residual = 25 926758 

Maximum Residual = 0 2881 84 

Observed Range R Head = 1 18 15oooO 

Number of Targets = 9 



Table C-5 
Hydraulic ConductivUy Values Copspunding to Hydrauk ConductEvlty Zones 
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Table C-6 
CALSTATS Results for April 1992 Well Head Measurements 

I Laver I I 

S u m  StahShCS for Model 
Residual Mean = -6 78324 
Residual Standard Dev = 8 94270 
Residual Sum of Squares = 2024 437190 
Absolute Residual Mean = 7 494327 
Minimum Residual = 30 247988 
Maximum Residual = 3 937949 
Observed Range in Head = 134 1OOOOO 
Res Std Dev Range = 0 066997 

Number of Targets = 9 
Residual Mean = 1 437548 
Residual Standard Dev = 3 691674 
Residual Sum of Squares = 141 255019 

Absolute Residual Mean = 2 728220 
Minimum Residual = 9 8351 1 17 
Maximum Residual = 3 937949 
Observed Range in Head = 11 3 63oooO 
Res Std DevJRange = 0 032489 

Number of Targets = 7 
Residual Mean = 13 6221 179 
Residual Standard Dev = 9 135768 
Residual Sum of Squares = 1883 182171 1 

Absolute Residual Mean = 13 622179 
Mitumum Residual = 30 247988 
Maximum Residual = -0 181602 
Observed Range in Head = 103 02000 
Res Std DevfRange = 0 088680 

StahShCS for Layer 1 

StatlShCS for Layer 2 

tp~1071ohppc doc C-29 
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Vertical Flows for the No-Action Scenario 
All Landfill Cells, Lower Face, Flow Down into Layer 2 

I I Lower Face Flow 

I 
Layer Rows I Column 

I 1 17-19 20 I 0 0  
1 16-1 9 I 21 I 0 1  

I 0 1  1 I 16-20 22 I 
1 16-20 23 ! 0 1  
1 1 16-21 24 0 1  
1 I 15-21 25 0 2  
1 I 15 22 26 0 1  
1 1 5-22 I 27 I 0 1  

I ! 0 0  
I 0 0  

1 15-22 28 

! 00  
1 15-22 29 

30 ! 
I I 0 0  
I I ! 0 0  

31 
1 i 15-22 
1 15-22 

15-22 32 
I 00  
! 

I 00  
15-22 33 

1 
1 
1 15 22 34 

I I 1 I 15-22 35 0 0  
1 1 9-22 36 -0 7 

I 9-23 37 -0 3 1 
1 9-23 38 -0 2 
1 9-23 39 -0 3 

40 -0 4 
41 -0 4 

1 9-23 
1 9-23 
1 I 9-23 42 -0 2 
1 I 10-23 I 43 -0 3 - 
1 i 10-23 I 44 -0 5 

! I I -0 4 
I -05 

1 10-23 45 
1 10-23 46 
1 I 10-23 47 -0 6 
1 I 10-23 48 0 6  

I 

I 

I 

I 
Summary (posltlve Is flow out of landflll) (elday) 

Summary (positive IS flow out of landfill) (gpm): 

-3 3 

0 0  

c 37 ND-NOA23 XLS Table C-9 Lower Face I 



P 

+4 



Flow into Landfill through Bottom Cell Faces ! 3 3  
I 

Recharge into Landfill I 2280 elday I 118 : gp m 

f?/day 002 I gprn 
I 

! 

I 

I 

Recharge as Percent of (Flow In + Recharge) 

Horizontal Flow In as Percent of (Flow In + Recharge) 

Vertical Flow In as Percent of (Flow In + Recharge) 

Summary of Flows In (percent) [ 1000 

602 

38 9 

0 9  

! 
Water Balance Compare Inflow and Outflow 

Oh : 

% 

% I  

% I 

j 

I 

c-39 ND-NOM3 XLS Table C-11 Water Balance 

- rpi; -A-*-- 

! I 
Flow In + Recharge I 3788 elday I 1 97 
Horizontal Flow Out of Landfill at East Boundary I -3756 elday ; -1 95 

I I 

gpm 
gpm 

Flow In + Recharge I 3788 ' ff'lday I 197 
Horizontal Flow Out of Landfill at East Boundary I -3756 elday j -1 95 

I I 

' gp m 
gpm 

Percent Error l o g : %  0 9  I % 
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Table C-13 
Vertical Ftows for the Ccrp.Onty Scemrio 

c i  

I - -  ~ 1 I I , r-- .- 

z 
I 

c-46 
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Table C-15 
Water 8alance for the Cap-Only Scersluio 

4 
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' 2/6/96 

1 16-20 I 23 
1 I 16-21 I 24 
1 15-21 25 
1 15-22 I 26 
1 15-22 27 
1 15-22 28 

1 j I 15-22 I 29 
1 I 15-22 I 30 
1 ; 15-22 31 
1 15-22 i 32 
1 15-22 I 33 
1 15-22 i 34 
1 15-22 I 35 

I 

1 9-22 I 36 
1 9-23 37 
1 9-23 38 

1 9-23 40 
1 9-23 41 
1 9-23 42 
1 10-23 43 
1 10-23 44 
1 10-23 I 45 
1 ; 10-23 I 46 
1 I 1 0-23 47 

1 9-23 : 39 

1 10-23 I 40 

00 
0 0  
0 0  
0 0  
0 0  
-01 
-01 
-01 
-01 
0 0  
00  
-01 
-01 
-05 
-02 
-03 
-05 
-06 
-04  
-01 
-03 
-04 
-05 
-07 
-01 
-0 6 

I I 

I 
Summary (po sltlve Is flow out of landflll) (fta/day) 

Summarv hosltlve Is flow out of landfill) faam) 

G55 

4 5  

4 03 

ND-C-S23 XLS Table C 17 Lower Face 
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Table C-19 
Water Balance for the Cap and North Slurry Wall Scenario 

Horizontal Flow In 
Total Flow into Landfill from North, West, South 653 ft3/day 034 gPm 

Vertical Flow In 
Flow into Landfill through Bottom Cell Faces 6 5  ft3/day 0 03 QPm 

Recharge into Landfill 

ater Balance Compare Inflow and Oufflow 

1 4  I @/day I 001 I g Pm 

Flow In + Recharge 733 @/day 0 38 gpm 

C-57 

Flow In + Recharge 
Horizontal Flow Out of Landfill at East Boundary 

ND-C-S23 XLS Table (2-19 Water Balance 

733 @/day 0 38 gpm 
-750 ft?day -0 39 gpm 

Percent Error 2 3  I % 2 3  1 % 
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Table D-1 Fate and Transport hmmtexs for 30-Yeat 



OU 7 Revised Drafi IiWIRA DD and Closure Plan 

D 1 Groundwater Contaminant Transport Modeling 

Modeling of groundwater contammant migration from the Present Landfill was 
performed usmg a one-dimensional solute transport solution developed by Domemco 
and Robbms (1985) and refined by Domemco (1987) The proposed remedial actions 
for landfill closure that wl l  have the greatest lmpact on groundwater flow include 
draimng the East L a n ~ i l l  Pond and removmg the dam In addition, the landfill cap 
wl l  sigmficantly reduce precipitation and runoff idiltration, percolation, and 
generation of leachate, thereby reducing groundwater flow As a result, the point of 
compliance mght be located at the edge of the waste management area Therefore, 
well 4087 has been proposed as the point of compliance The objective of the modeling 
is to idenbfy contaminants that exceed ARARS at the pomt of compliance hrty years 
after landfill closure Transport modeling focuses on the valley fill alluvium wthm the 
upper hydrostratigraphc umt (UHSU), because source to receptor rmgrabon through 
the weathered and unweathered bedrock is unllkely because of extremely low 
hydraulic conductivity values 

Under the current closure strategy, the eastern edge of the cap w11 be east of the 
landfill seep (SW097) The groundwater quality at well 72293 is assumed to be 
representative of the leachate near the edge of the landfill contarmnant source and was 
chosen as a potential point source for the modeling simulabons Although the landfill 
seep is techcally surface water, this location was also considered a potenbal point 
source because contaminated seep water may impact the shallow groundwater Under 
the proposed grading plan, the seep wll  become bmed under the cap by fill and flow 
w11 recur as groundwater Chemicals of concern (idenbfied as applicable or relevant 
and appropriate requlrements [ARARs] exceedances at well 72293 and SW097) 
include benzene, naphthalene, vinyl chlonde, bis(2-ethylhexyl)phthalate, methylene 
chloride, trichloroethene, ammonia, cadmium, arsemc, iron, manganese, selemum and 
ZlIlC 

D 2 Methodology 

The analytical solubon developed by Domemco and Robbins (1985) and Domemco 
(1987) simulates solute transport from a fimte source m a continuous flow regime 
The one-dimensional centerline solution is a simplified expression of the three- 
dimensional extended pulse solution The source term is modeled as a continuous point 
source where the rate of mjection is continuous for 30 years Concentrations of 
chemicals reman constant at the source and do not decrease over tune Therefore, for 
non-reactive solutes, the maximum steady state concentration is mantamed at all 
distances from the source (x) that equal the advective transport velocity (n) multiplied 

tpQ5 107 1 Ohpp d doc D- 1 mm 



OU 7 Revised Drafl IMIRA DD and Closure Plan 

Where - 

v = advecttve transport velocity (average lmear ve- of e) m the x 
W o n  (isotropic) fL/Tj 

t = dmbon (€me) of contammnt mass m-on - 

t' = traveltune(x/v)[Tl 

Dx = coefficient of lon@uchnd hydrodpnmc &spermm = axvx + Dm 

ax  = lonptuchndchspem~wty[L] 

Dm = molecular e o n  dong x m s  [L2/T] 
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exp = exponent 

erf = error function 

D 3  

D32 

erfc = complimentary error function 

C = contarmnant concentration as a function of x [ML3 3 

Co = contaminant concentrabon at the source [ML3 3 

k = first order decay constant, set equal to zero if no decay [T -13 

Input Parameters 

Input parameters and mtial boundary con&bons are based on observed field 
con&tions Hydraulic and transport parameters are also based on OU 7 site-specific 
data (DOE 1994) as well as mformabon provlded in the Hydrogeologic 
Charactenzation Report for the Rocky Flats Enwonmental Technology Site (EG&G 
1995) Input parameters and the values used for the modeling simulabons are 
presented in Tables D-1 and D-2 

Source Terms 

Modeled source concentrabons for chemicals (that exceed ARARs) are based on 
mmmum and mean (iron only) concentrahons for all chermcals (except for unc, iron, 
and methylene chlonde) at momtormg well 72293 Source concentrabons for unc, 
iron and methylene chloride are based on maximum and mean (Iron only) 
concentrations at the seep (SW097) Simulated results are predicted at the top of the 
saturated zone for valley fill alluvium deposits With the exception of m c ,  Iron, and 
methylene chlonde, point source concentrations ongmate at momtoring well 72293 
The landfill seep (SW097) may serve as a potential point source of unc, iron and 
methylene chloride ContammaQon because the concentrations of these compounds at 
the seep exceed the corresponding ARARs for groundwater For thls reason the landfill 
seep was designated as a point source of unc, iron, and methylene chlonde 
contamination Depending on the point source (72293 or SW097), slmulated 
concentrations were modeled at two lateral distances from the source (1) a lateral 
distance of 1073 feet from well 72293 to the compliance point (well 4087) and (2) a 
lateral distance of 914 feet from SW097 to well 4087 

Transport Parameters 

The lateral dlspersivity (aL) value is based on the chloride plume geometry presented 
in Figure D-1 Field measured values of aL presented m the literature suggest that aL 
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D 3 2 1  

can be esimated at one-tenth of the flow le;a%th ($Mb $986, Fetter 1993) 
Therefore, based on the eked flow length of 375&& @i@,pe D-11, CrL IS estim&d 
at 37 5 feet (0 1 x 375 feet) The transverse ciupemwty (a")& typrcally one-tenth to 
one twenQeth the lon@udmal cllsperslwty (Fetter, 1993) A more conscrvaQve UT 
value of 1 9 feet (one-twemd of UL) was 
vert14 4aZ) d~spers~wty was excluded from the sim- by settrng thts value to 

boundary The effktwe -on term was OM by mpltlpljrtag tht d ~ f f i o n  
coefficient (1 x 10-9 mUsec) wth the tortuosity eoea- (a5 muapeC) poaarmteter 
The tortuos~ty coefficbt I related to the shape of the lii;r;wpath of water molecules 
that flow though porous medm The &fZbaon and &fkwity cd€ki&ts are t ypa l  
values reported m the lrteraaue (Fetter 1993) 

m the m x ~ m g  s i m u ~ ~ ~  

zero 'Rus prowdes a conserv&ve concenmon esthate a! tzpe canpliane 

o r g ~ c  contamtnants 

Kd = Kocxfoc 

Where -. 

other processes that may atkmate or-c cow m j p d w a t a  UKlUde 
hydrolysis, omdat~on, v o l a t h a t ~ ~  and bmdepdat~~n. Haward et al. (1!H1) reports 
groundwater half-lwes for most mgmc COmpaMds The mast axwerw~ve M-l~ves  
for groundwater were used for the modelmg datmms~f l *  Bf) 
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D 3 2 2  a 

D 3 2 3  

Inorganic Contaminants 

The transport of metals (arsenic, cadmium, iron, manganese, and zmc) m groundwater 
is generally controlled by the redox condihons wthm the landfill The groundwater 
redox zones wthm and near mmcipal landfills are generally charactenzed by three 
types of zones (1) an anaerobic zone w k  the landfill, (2) a zone where the oxidized 
native groundwater dilutes the landfill leachate, and (3) a transibon zone between the 
anaerobic and oxidmd groundwater Dissolved oxygen concentrations measured from 
1990 through 1993 confiw these redox conditions at OU 7 Mean hssolved oxygen 
concentrations mcrease in the downgradient direction from 1 63 mg/L at well 72293 to 
6 98 mg/L at well 4087 However, pH appears to be a non factor of contaminant 
mobility given the range of neutral pH values (6 96 at well 72293 to 6 84 at well 4087) 
measured from 1990 through 1993 (DOE 1994) For the purpose of the modelmg it is 
assumed that these condihons exlst and that as the groundwater contamng leachate 
migrates from the landfill it becomes emched in oxygen 

Arsemc tends to be mobile under reducmg conditions, however as the groundwater 
becomes oxldized the compound becomes attenuated by adsorpbon to the aqwfer 
matnx Cadmium under normal redox conditions has a low solubility and has a 
tendency to adsorb to the aquifer matnx Although ammoma is typically transformed 
to nitrate through oxidation, it also has a slight tendency to adsorb to solids Zinc, 
although lughly soluble, may also absorb to the aqwfer matnx under normal redox 
condibons As a result, soil-water distribution coefficients (Kd) of 5, 6 5, 1 25 and 0 1 
for arsemc, cadmium, ammoma and zmc, respectively, were used as adsorptive 
parameters m the modeling smulations (DOE 1992, EPA 1978, DOE 1984) The 
most conservahve of the reported distnbution coefficients were used 

Iron, selemum and manganese are hghly soluble and although may become reactive 
under oxldivng conditions were modeled as non-reactive ions Therefore, selemum, 
iron and manganese were modeled wth a conservative retardabon coefficient of 1 All 
metals and inorgmc ions were modeled wth a decay coefficient of zero Transport 
parameters are presented in Table D-1 

Retardation Coefficient 

Once determined, the Kd value can be used to calculate the retardahon coefficient (R) 
from the following equation 

R = l+pKd/h 

where 

p = soil density (g/cm3) 



OU 7 Revised Drafi 1Wl.M DD and Closure Plan 
~ 
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D34 

D341 

- 
.E 

h = &kctweporoslty(ciunenslonless) ,- 

As the result of ~ ~ o m p r o c e s s e s ,  contammmf throsrgfi the aqwfer is 

Hydrauhc Paantcters 

horgamc Contarmaants 

z cp\ tpU510710hppddoc D-6 
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I. 

The predicted ammoma concentraoons (60 m a )  is slightly less than the ARAR o f  
100 mg/L at the proposed compliance point (Figure D-3) 

The predicted cadmium concentration (<O 01 mg/L) at the compliance point is 
sigmficantly less than the ARAR o f  3 1 mg/L (Figure D-4) 

Figure D-5 shows that the predcted zlnc concentration (59 m a )  is sipficantly less 
than the ARAR (2000 mg/L) at the compliance point 

The prehcted arsemc concentrabon (< 0 1 m a )  is sigruficantly less than the 
correspondmg ARAR of  50 mg/L at the proposed compliance pomt (Figure D-6) 

The simulated selemum concentration (047 mg/L) is sipficantly less than the 
corresponding ARAR (20 m a )  at the compliance pomt (Figure D-7) 

The simulated iron Concentration (1771 mg/L ) at the compliance point exceeds the 
ARAR (1000 mg/L) (Figure D-8) However, th~s simulahon may be overly 
conservative because Eon was modeled as a non-reactwe solute 

Perhaps an alternative concentrahon l m t  could be proposed for lron in 
groundwater T h s  limt could be based on the distance from the landfill to the sight 
boundary and the Qstance from the site boundary to an exposure pomt for potenhal 
receptors Another alternative concentration l i n t  is the background Upper Tolerance 
Limt (UTL 99/99) (DOE 1994) Figure D-8 shows that despite exceedmg the ARAR 
(1000 mg/L), the preQcted Eon concentration at the compliance point is sigmficantly 
less than the site-wde background UT.L99/99 o f  32,398 mg/L or even the 
background mean concentrafion o f  3,722 mg/L. (DOE 1994) 

D 3 4 2 Orgaruc Contaminants 

The 30-year contarmnant transport modeling mdicates msigruficant movement of  the 
orgamc contaminants, as simulated concentrations o f  the analytes are orders of  
magnitude less than the correspondmg ARARs at the proposed compliance point 
(Figures D-9 through D-14, Table D-2) These results appear to be reasonable, given 
the current spatial distnbution o f  the orgamc contaminants With the exception of  
vinyl chlonde, detections o f  the modeled contaminants downgradient of  the landfill are 
infrequent and show no defmtwe spanal trends Among the orgaruc compounds, vinyl 
chlonde is the most ubiqutous m nature and has the greatest persistence and mobility 
o f  the modeled contarmnants due to the relatwely long half life o f  tlus chemcal 
(69,000 hours) Despite havmg the hghest sunulated concentration at the proposed 
compliance point (0 2 mg/L), the simulated 30-year vinyl chlonde concentrabon is less 
than the corresponding ARAR (2 m a )  
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@ E 1 Purpose of the Analysis 

The purpose of the waste settlement analysis is to assess the impact waste settlement 
mght have on the dramage charactenstics of the proposed cover design for the Present 
Landfill at Operable Unit (OU) 7 

Literature sources suggest that waste settlement in mumcipal landfills can approach 33 
percent of the waste thlckness (Brunner 1972) Settlement of t h s  magmtude at OU 7 
could conceivably affect the dramage patterns on the cover surface by changing the 
slope or direcbon of flow in localized areas Changes in dramage patterns could result 
in erosion or local pondmg necessitatmg costly repam to the vegetabve layer 

Settlement models used to esbmate the changes in surface elevabon as a result of waste 
and fill consohdabon included a simple percent of hckness assessment, Sower’s 
method, Gibson and Lo model, and the power creep law 

E.2 Descnpbon of Grading Plan 

The proposed grading plan has a rectangular-shaped mound along the central 
longitudinal axis of the landfill The 7-percent slopes of th~s mound are designed to 
shed water off the cover surface radially to penmeter dramage ditches To achleve th~s 
configurabon, up to 15 feet of general fill matenal may potenmlly be required in the 
central pornon of the landfill Because the landfill base is a v-shaped trough following 
the former drsunage along the central longitudinal axis, the thxkest secbons of the 
waste (and fill matenal) are also found along this axis Settlement in th~s area can be 
expected to be greater than in other areas 

E 2 1 Landfill Settlement 

Landfill settlement occurs as a result of waste decomposibon, filtenng of fine 
matenals, and consohdabon under the weight of the waste matenal Settlement is also 
influenced by the thlckness of soil cover matenal used, compressibility of the waste, 
compacbon dunng waste placement, age of the waste, and the amount of water present 
to promote biodegradation (Brunner 1972) Other factors such as inibal waste density, 
waste composition, pH, temperature, and depth are also considered to affect settlement 
(Fasset 1993) 

E 2 2 Differences Between Typical Municipal Solid Waste and OU 7 Waste 

The waste composition of the landfill at OU 7 is reported to consist of construcbon 
debm nonhazardous industrral wastes sludges and wastes generated by mamtenance 

I 
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use change in overburden pressure, hme of load application, and compressibility factors 
instead of change in void ratio in the general consohdation theory equation 

E 3 1 Percent Settlement 

Ths simple approach asserts that waste settlement is a uniform funchon of waste 
thckness For example, if a 15-percent waste settlement is assumed, then the 
settlement at each point is 0 15 times the waste thxkness at that point 

As mentioned above, waste settlement at OU 7 may be sigmficantly less than typical 
municipal landfills due to differences in waste composihon, amount of soil cover, and 
surcharging the waste with additional fill For the purposes of thls comparative study, 
15 percent settlement was used 

E 3 2 Sowers Method 

The Sowers method consists of sumrmng funchons represenhng pnmary settlement and 
secondary compression As menhoned above, the pnmary settlements of the OU 7 
waste fill will most ldcely occur before the cover is constructed Therefore, only the 
secondary compression relationshp was used in eshmating settlement in h s  case The 
form of this relationshp is as follows 

S,= H Ca /( 1+ ~)10g(t2/ tl) 

Where 

S, = secondary compression occwng in layer under considerabon 
H = inihal thickness of waste layer under considerahon 
Ca = secondary compression index 
Q = initial void raho 
t2 = startmg time for long-term time penod under consideration 
tl = enchng tune for the long-term penod under consideration 

Fasset (1993) discusses the problems associated with using the secondary compression 
index and void ratlo term, Ca / ( l e ) ,  and suggests the use of a mohfied secondary 
compression index term defined as 

Using ths  term, the Sowers equation then becomes 



La(a) = - 0 03442 (h)- 3 155 
I&) = - 0 01386 (ACT)- 4 8283 
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The value for the rate of secondary compression, l/b, was selected from the mdpoint of 
the data presented in the point plot Ths value is 0 OOO7/day 

E 3 4 Power Creep Law 

The power creep law presented is expressed in the following form (Sharma and Lewis 
1994) 

S(t) = H Ao m (ut}” 

Where 

S(t) = settlement at tune t 
H = initial height of refuse 
Ao = change in overburden pressure 
m = reference compressibdity 
tr = compression rate 
t 
n 

= reference tlme used to make tlme &mensionless 
= bme since load applicatlon 

As with the Gibson and Lo model above, the power creep law uses empmcally denved 
values for factors m and n (€311 et a1 1990) For the OU 7 waste settlement analysis, a 
value corresponding to old refuse is used for m and a rmd-range value IS selected for n 
as follows 

It should be noted that with the power creep law, settlement is dn-ectly propomonal to 
the length of time since the load (addmonal waste placement) is applied to a given 
layer Thus as the tlme dwatlon is extended, the settlement increases Ths  may not be 
a reasonable assumptlon when long time penods are considered because at some point 
consolidation will reach a maximum and settlement wdl cease 

E4 Results 

Table E-1, Settlement Method Compmson, lists the initlal waste and fill thcknesses, 
elevation change due to settlement, and percent settlement as a functlon of initlal waste 
thckness for points located on four representatlve cross sections through the landfill 
The percent settlement method at 15 percent settlement results in the greatest 
settlements compared to the other settlement methods As previously stated, this 
method is a simple approach based on hlstoncal mumcipal landfill settlement data and 

E-5 2J9M 
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0 F 1 Engineered Cover Performance Modeling 

The pnmary purpose of an engineered cover is to rmnimze infiltration of precipitation 
and to limt percolation of water through contarmnated soils and liner matenals In 
detemning the most effective engmeered cover design, calculation of the amount of 
infiltration percolabng through the engineered cover system is necessary to select the 
most viable cover components Infiltration is also important in prediction of the 
potenbal for contarmnant leachmg and rmgrabon through the underlying vadose zone 
soils The Hydrologic Evaluabon of Landfill Performance (HELP), computer model 
Version 3 03 was used to esbmate the amount of infiltrabon that would percolate 
through the final engineered cover design for OU 7 The HELP model was developed 
by the U S  Army Corps of Engineers Waterways Expenment Station for the U S  
Envlronmental Protecbon Agency @PA) It was developed to facilitate rapid and 
economcal esbmabons of the water movement through and out of landfills HELP was 
chosen because of its widespread acceptance in the engineenng community 

The HELP model predicbon of the infiltrabon rate was used to evaluate the relabve 
effectiveness of several engineered cover designs It was also used to test the 
sensitwity of several input vanables on the amount of leakage through the covers 
HELP is a quasi-two-dimensional computer code that models landfill performance with 
respect to the hydrologic cycle Figure F-1 presents a conceptual model of the 
hydrologic input and output data The model accepts weather, soil, and design data, 
and uses solution techques that account for the effects of surface storage, snowmelt, 
runoff, infiltratlon, evapotranspiration, vegetabve growth, soil moisture storage, lateral 
subsurface dramage, leachate recirculabon, unsaturated verhcal dramage, and leakage 
through soil geomembrane, or composite liners Landfill systems, including vanous 
combinations of vegetabon, cover soils, waste cells, lateral dram layers, low- 
permeability bamer soils, and synthebc geomembrane liners may be modeled (HELP 
Model User’s Guide for Version 3 1994) HELP does not account for capillary flow in 
the vanably saturated cover components and as a consequence provides a conservabve 
estimate of percolabon through the engineered cover (Nichols 1991) 

Eight engineered cover secbons were modeled with HELP The eight proposed 
engineered cover design alternabves are shown in Figure F-2 All eight covers were 
modeled for companson purposes to evaluate the relabve performance of the lfferent 
configurabons The seven engineered cover designs were modeled using normal 
climatological and vegetabon data for the Rocky Flats area Final HELP output files 
for the eight proposed cover design alternabves are provided in Attachment F1 

F- 1 
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0 The user can enter the CN duectly 

0 The user can enter the CN for a soil type and have HELP mol@ it for a given slope 
and slope length 

0 HELP will generate a CN given a soil texture, slope, slope length, and vegetahon 
condihon 

A sensitivity analysis was performed on the effect of dramage layer slope on seepage 
through the vemcal percolatlon layer and is presented as Attachment F2 

F 1 2 Site-Spec& Soil Charactenshcs 

The input soil data for the specific layers of the OU 7 engineered covers are 
surnmanzed in the following paragraphs and in Table F- 1 

0 Vegetative Layer-It was assumed that local soils could be procured for the 
vegetahve layer Sod properhes for cover alternahves 1 and 3 use manual input to 
create soil texture #53, whch is a well-graded sandy soil with a permeability of 
1E-02 centimeters per second (cdsec), that simulates the soil used as a dady cover 
at OU 7 Cover alternahves 4, 5, 6, 7, 8, and 9 use default soil texture #7 for the 
vegetahve layer This is a silty sand with a permeability of 5 2E-04 cdsec, whch 
is simlar to the native soils of h s  area It also has a larger difference between the 
field capacity and wiltmg point whch indicates it has plant water storage 
capabilihes needed to support vegetahon The vegetahve layer was not compacted 
to allow for vegetatwe growth 

Dramage Layer-Cover alternahves 4 5, 6, 7,  8 and 9 use a geocomposite 
dramage layer This is modeled using default geosynthehc matenal#20, whch is a 
0 5-cm-thck dramage net with a hydraulic conduchvity of 1E+O1 cdsec  

Flexible Membrane Cover (FMC)-Cover alternabves 5 7,8, and 9 use an FMC as 
a bamer component Thls is modeled using default geosynthehc rnatenal 
charactenstic #35, whch has a hydraulic conduchvity of 2E-13 cdsec  A typical 
hckness for FMCs of 60 rmls (06 inches) was used For the liner matenal, a 
number of manufacture defects (pinholes) per acre, installabon defects per acre, and 
the quality of contact with the underlymg layer need to be assigned The HELP 
manual provides typical eshmates for these values For manufacturer defects, 0 5 to 
1 pinhole per acre are recommended as typical values (HELP Model User’s Guide 
for Version 3 1994) A correlahon of installahon defects to installabon quality as 
deterrmned by construchon quality controlkonstructlon quality assurance (CQC/ 
CQA) programs IS shown in Table F-2 

There are six ophons in the HELP model to descnbe the contact between the 
geomembrane and the underlying soil 
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0 F 1 3  

F14 

‘ a  

Compacted Soil Liner-Ths term is used as a genenc label for a compacted clay liner, 
a low-permeability beddmg layer, a GCL, or a combinanon of the above The 
compacted soil liner serves two purposes in the cap design First it serves as a low- 
permeability b m e r  to retard vertical rmgrahon of fluids Second, it serves as a 
bedding layer for what is placed over it Ths  second funchon is most important when 
the soil liner is overlatn by a geocomposite, GCL or FMC Cover alternatives 5,7,8, 
and 9 all have a compacted soil liner as one of their components Default Soil Texture 
#17 is used for the GCL and Default Soil Texture #16 is used with the compacted clay 
cover and low-permeability beddmg layer Permeabilibes of 1E-07 cdsec and 1E-05 
cdsec  were used for the compacted clay cover and low-permeability beddmg soil, 
respecnvely 

hbal Soil Water Content-The HELP model was allowed to esnmate an equilibnum 
water content for the initial soil water content 

SCS Runoff-Curve Number-The HELP model was used to calculate the SCS runoff- 
curve number assurmng a slope of 5 percent (after settlement), a slope length of 500 
feet, and a fa r  stand of grass Two lfferent soil textures were used as the top layer of 
soil One corresponds to the current soil (#53) used as a daly cover and the other 
corresponds to soil #7 to be used in the final cover for the vegetatwe soil layer 

Cover Design Input Data 

Input parameters for the engineered cover, surface area, slope, and lateral dramage 
distance are shown below 

Engineered cover surface area = 1 acre 

Slope of top layer = 5 percent (after settlement) 

Maximum lateral dramage distance along slope = 500 feet 

Climate-Related Input Parameters 

Three options are avadable to generate climatologic data a default opnon, a manual 
ophon and a synthetic option For the purpose of ths  performance assessment, the 
synthetic option was used to generate the precipitation temperature, and solar rahation 
data 

Normal (mean) monthly temperature data, shown in Table F-4, from the Rocky Flats 
Plant Site Envuonmental Report for 1992 @G&G 1992) was used to adjust HELP’S 
synthetic temperature generator to approximate actual temperatures at the Rocky Flats 
site more closely 

F-5 
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reasonable in that it does not allow excess percolatlon of water through the vegetative 
layer nor does it resmct percolahon to a mmmum 

Maximum Leaf Area Index F 1 7 2 

F 1 8  

F19 

F2 

Maximum leaf area index is the chmensionless ratio of the leaf area of achvely 
transpinng vegetatlon to the nomnal surface area of the land on whlch the vegetahon is 
growing Typical values used 111 the HELP model (Schroeder et al 1994b) are 

0 0 0 for bare ground 
0 1 0 for poor grass 
0 2 0 for f i r  grass 
0 3 3 for good grass 
0 5 0 for excellent grass 

As the leaf area index increases, the amount of evapotransplrahon increases (Schroeder 
et a1 1994b) Given the precipitahon values and the length of the growing season, the 
maximum leaf area index for Denver Colorado, is 2 5, without irngahon A value of 
1 75 was used as the maximum leaf area index for the f i r  grass vegetatlon Thls is a 
conservative eshmate considenng the maximum leaf area index value for Denver is 
about 2 5 A sensihvity analysis was performed on the effect of leaf area index on 
seepage through the vertical percolation layer, and is presented in Attachment F2 and 
F3 Thls inlcates that an index value of 1 75 is neither overly conservatwe or under 
conservative with respect to allowing water to percolate through the vertical percolahon 
layer 

Labtude 

The latitude used for solar radiation data generatlon for normal condmons is 39 77 
degrees North, the lahtude of Denver, Colorado 

Summary 

Results of the HELP modeling runs for each cover sechon ophon are summmzed in 
Table F-6 

References 

AS1 (Advanced Sciences, Inc) 1991 Storm-Water Runoff Quanhty for Vmous 
Design Events Rocky Flats Plant January 

EG&G Rocky Flats, Inc 1992 Rocky Flats Plant Site Envxonmental Report for 1992 
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Table F-4 
Temperature Data Summary 

I DEC I 335 I 
Notes 

Table F-5 
Precrprtahon Data 
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** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE .* 
** HELP MODEL VERSION 3 03 (31 DECEMBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.............................................................................. 

PRECIPITATION DATA FILE C \HELP3\UETHWnIN\SYN30W 04 
TEMPERATURE DATA FILE C \HELP3\UETHW7\1N\SYN3OM 07 
SOLAR RADIATION DATA FILE C \HELP3\UETHW~IN\SYN30W D13 
EVAPOTRANSPIRATION DATA C \HELP3\UETHWnIN\SYN3OW D11 
SOIL AND DESIGN DATA FILE C \HELP3\PATWnIN\RFNWORP D10 
OUTPUT DATA FILE C \HELP3\PATW7\WT\RFNC30RP W T  

TIME 13 59 DATE 4/11/95 

.............................................................................. 

TITLE Rocky Flats Cover options OU 7 No Cover RFNC30RP 

NOTE INITIAL WOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
C W T E D  AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NWBER 53 
THICKNESS = 12 00 INCHES - POROSITY 0 4370 voL/voL 
FIELD CAPACITY - 0 0620 VOL/VOL 
WILTING POINT - 0 0240 voL/VOL 
INITIAL SOIL WATER CONTENT = 0 0405 VOL/voL 
EFFECTIVE SAT HID CON0 = 0 999599978000E 02 CM/SEC 

- 
- 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 53 

THICKNESS 1 00 INCHES 
POROS 1 TY 0 4370 VOL/VOL 
FIELD CAPACITY - 0 0620 voL/voL 
WILTING POINT 0 0240 w)L/VOL 
INITIAL SOIL WATER CONTENT = 0 0308 W)L/VOL 
EFFECTIVE SAT HYD CON0 = 0 999999978000E 02 CM/SEC 
SLOPE - 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- - - 

- 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NWBER 53 - THICKNESS 1 00 INCHES - POROSITY - 0 4370 VOL/VOL 

FIELD CAPACITY a 0 0620 VOL/VOL 
WILTING POINT 0 0240 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0 4370 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 999999978000E 02 CM/SEC 

- 

I w 



,a- 
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-- 



AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

JAN/JUL FEB/AUG IIAR/SEP APR/OCT WY/NOV JUN/DEC - 
PRECIPITATION 

TOTALS 0 4 6  0 4 8  1 2 2  1 7 3  2 7 5  1 8 5  
1 4 8  1 5 2  1 4 9  0 9 2  079 0 6 4  

STD DEVIATIONS 0 36 0 25 0 80 1 01 1 50 1 11  
0 8 3  0 9 4  0 6 4  0 6 5  0 5 8  0 3 8  

RUNOFF 

TOTALS 0 003 0 008 0 021 0 000 0 000 0 000 
0 000 0 000 0 000 0 000 0 000 0 001 

STD DEVIATIONS 0 009 0 024 0 088 0 000 0 000 0 000 
0 000 0 000 0 000 0 000 0 000 0 003 

EVAPOTRANSPIRATIOW 

TOTALS 0 4% 0438 0 887 1543 2 166. 2 042 
1 491 1 224 1 533 0 831 0 672 0 523 

STD DEVIATIONS 0 306 0 216 0 472 0 706 0 916 1 049 
0 765 0 848 0 746 0 532 0 501 0 267 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 - 
TOTkLS 0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 

0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 

STD DEVIATIOWS 0 0000 0 0000 0 0OW 0 0000 0 0000 0 QQQQ 
0 0000 0 0000 0 0000 0 0000 0 0000 0 OOOQ 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 0 0000 0 002Q 0 0480 0 2359 0 7079 0 1953 
0 0248 0 0699 0 Q409 b 0149 0 0408 0 0294 

STD DEVIATIONS 0 0002 0 0108 0 1463 0 3442 0 7423 0 2506 
00955 01808 00849 00812 01055 00673 

AVERAGES OF MOUTHLY AVERAGED DAILY HEADS (INCHES) 

QAILY AVERAGE HEAQ ACROSS LAYER 3 

AVERAGES 0 0000 0 0000 0 0005 0 0023 0 0069 0 0021 
0 0003 0 0006 0 0004 0 0002 0 0004 0 0003 

STD DEVIATIONS 0 0000 0 0001 0 0017 0 0032 0 0070 0 0026 
0 0011 0 0017 0 0008 0 0012 0 0011 0 0007 
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** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP II[)OEL VERSION 3 03 (31 DECEMBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
.............................................................................. 
............................................................................. 

PRECIPITATION DATA FILE C \HELP3\wethounin\SYN3OU D4 
TEMPERATURE DATA FILE C \HELP3\wethou7\in\SYN3OU 07 
SOLAR RADIATION DATA FILE C \HELP3\wcthounin\SYN3301( D13 
EVAPOTRANSPIRATION DATA C \HELP3\wethounin\SYN3OU Dll 
SOIL AND DESIGN DATA FILE C \HELP3\pntou7\in\eOVERlB D1O 
OUTPUT DATA FILE C \HELP3\ptou7\out\covarlb OUT 

TIUE 9 31 DATE 6/9/95 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TITLE Rocky Flats Cover Options OU 7 3ft soil coverlb 

............................................................................. 
- 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOU UATER E R E  
COnWTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE N W E R  53 
THICKNESS = 36 00 INCHES 
POROS 1 TY 0 4370 VoL/VOL - 0 0620 VOL/VOL FIELD CAPACITY - 0 0240 wK/VOL UILTING POINT 
INITIAL SOIL UATER CONTENT = 0 0470 VOL/VOL 
EFFECTIVE SAT HYD CON0 = 0 999999978000E 02 CM/SEC 

- 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 53 - THICKNESS - 1 00 INCHES 

POROSITY - 0 4370 VOL/VOL 
FIELD CAPACITY 0 0620 VOL/VOL 
UILTING POINT 0 0240 VOL/VOL 
INITIAL SOIL UATER CONTENT = I) 0620 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 999999978000E 02 CM/SEC 
SLOPE 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- - - 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUHBER 53 - THICKNESS - 1 00 INCHES - 0 4370 VOL/VOL POROS I TY 

FIELD CAPACITY = 0 0620 VOL/VOL 
UILTING POINT - 0 0240 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 4370 VOL/VOL 

- 

EFFECTIVE SAT HYD COND = 0 999999978000E 02 CM/SEC 





AVERAGE "ITHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD OEVIATIONS 

JAN/JUL 

0 4 6  
1 48 

0 36 
0 8 3  

0 002 
0 000 

0 008 
0 000 

- 

0 472 
1 721 

0 307 
0 876 

FEB/AUG 

0 48 
1 52 

0 25 
0 94 

0 007 
0 000 

0 023 
0 000 

0 425 
1 358 

0 262 
0 810 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 0000 0 0000 
0 0000 0 0000 

STO DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 0 0366 0 0297 
0 2413 0 0821 

STD DEVIATIONS - 0 0360 0 0291 
0 1701 0 0326 

IIAR/SEP 

1 22 
1 49 

0 80 
0 6 4  

0 017 
0 000 

0 070 
OOOO 

0 930 
1 375 

0 445 
0 731 

0 0000 
0 OOOO 

0 0000 
0 OOOO 

0 0280 
0 0556 

0 0260 
0 0263 

- 
APR/OCT wAY/NOV 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 458 
0 907 

0 735 
0 536 

- 

0 0000 
0 0000 

0 0000 
0 0000 

0 0753 
0 0509 

0 0817 
0 0253 

- 

2 7 5  
0 7 9  

1 50 
0 58 

0 000 
0 000 

0 000 
0 000 

2 124 
0 660 

0990 
0 517 

0 0000 
0 0000 

0 OOOO 
0 0000 

0 1510 
0 0384 

0 1099 
0 0322 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAO ACROSS LAYER 3 

AVERAGES 0 0004 0 0004 0 0003 0 0008 0 0016 
0 0026 0 0009 0 0006 0 0006 0 0004 

STD DEVIATIONS 0 0004 0 0003 0 0003 0 0009 0 0012 
0 0018 0 0004 0 0003 0 0003 0 0004 

JUN/DEC 

1 85 
0 6 4  

1 11  
0 38 

0 000 
0 001 

0 000 
0 003 

2 262 
0 519 

1 026 
0 262 

0 0000 
0 0000 

0 0000 
0 0000 

0 2583 
0 0426 

0 2607 
0 0419 

0 0029 
0 0005 

0 0029 
0 0005 



PRECIPITATL'IIOII 
RUNOFF 
EVAPOTRAWLP IRA-TIQI 
LATERAL DIU1tUGE COLLECTfb 
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LAYER 3 
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** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSIOW 3 03 (31 DECEMBER 1994) ** 
** DEVELOPED BY ENVIRONWENTAL LABORATORY ** 
** USAE UATERUAYS EXPERIMENT STATIW ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
............................................................................. 

PRECIPITATION DATA FILE C \HELP3\UETHW7\IN\SYN30)1 D4 
TEMPERATURE DATA FILE C \HELP3\UETHW7\IN\SYN3@! D7 
SOLAR RADIATION DATA FILE C \HELP3\UETHWnIN\SYN30)1 D13 
EVAPOTRANSPIRATION DATA C \HELP3\UETHUJ7\IN\SYN30)1 Dl1 
SOIL AND DESIGN DATA FILE C \HELP3\PATWT\IN\RFCLAYP Dl0 
W T W T  DATA FILE C \HELP3\PATWnWT\RFCLAYP OUT 

T I E  13 1 1  DATE 4/11/95 

TITLE Rocky Flats Cover Options OU7 File RFCLAY - 

............................................................................ 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW UATER UERE 
COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUnBER 7 
THICKNESS = 36 00 INCHES 
POROSITY 0 4730 VOL/VOL 
FIELD CAPACITY D 2220 VOL/VOL 
UILTING POINT 0 1040 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 1667 VOLIVOL 
EFFECTIVE SAT HYD COND = 0 520000001000E 03 OI/SEC 

- - - 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE 

LAYER 2 

MATERIAL TEXTURE NWBER 20 
- TYPE 2 LATERAL DRAINAGE LAYER 

- THICKNESS D 20 INCHES 
POROSITY 0 8500 VOL/VOL 
FIELD CAPACITY - 0 0100 VOL/VOL 
UILTING WIN1 - 0 0050 VOL/WL 
INITIAL SOIL UATER CONTENT = 0 0224 VOL/VOL 
EFFECTIVE SAT HID COND = 10 0000000000 W S E C  
SLOPE = 2 00 PERCEWT 
DRAINAGE LENGTH = 500 0 FEET 

- 
- 
- 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 16 

THICKNESS = 24 00 INCHES 
POROSITY = 0 4270 VOL/VOL 
FIELD CAPACITY = 0 4180 VOL/VOL 
UILTINC WIN1 0 3670 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 4270 w)L/VOL 
EFFECTIVE SAT HYD COND = 0 100000001000E 06 W S E C  

- 



f 



............................................................................... 

AVERAGE llOWTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

PRECIPITATION 

TOTALS 

STO OEVIATIONS 

RUNOFF 

TOTALS 

STO DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

JAN/JUL 

0 46 
1 48 

0 36 
0 8 3  

0 003 
0 000 

0 008 
0 000 

0 393 
0 959 

0 292 
0 481 

FEB/AUG - 

0 48 
1 52 

0 25 
0 9 4  

0 007 
O O O O  

0 023 
0 000 

0 401 
0 953 

0 259 
0 653 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 0994 0 0501 
0 5295 0 4224 

STO DEVIATIONS 0 1128 0 0711 
0 3057 0 2988 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 00739 0 0484 
00996 00977 

STO DEVIATIONS 0 0286 0 0314 
0 0069 0 0082 - 

UAR/SEP APR/OCT 

1 22 
1 49 

0 80 
0 6 4  

0 018 
0 000 

0 OR 
0 000 

0 736 
0 757 

0 384 
0 321 

0 0681 
0 4668 

0 0967 
0 3521 

0 0600 
0 0922 

0 0278 
0 0136 

1 7 3  
0 92 

1 01 
0 65 

0 000 
OOOO 

0 000 
0 000 

1 011 
0 553 

0600  
0 374 

0 3978 
0 4810 

0 2741 
0 2276 

0 0873 
0 0975 

0 0168 
0 0140 

HAY/NOV 

2 7 5  
0 7 9  

1 50 
0 58 

0 008 
0 000 

0 042 
0 000 

1 567 
0 448 

0 803 
0 402 

0 9391 
0 3066 

0 4724 
0 2253 

0 1027 
00884 

0 0041 
0 0239 

AVERAGES OF MONTHLY AVERAGE0 DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES o 0014 o oooa o 0010 o 0059 o 01% 
0 0075 0 0060 0 0069 0 0068 0 0045 

STD DEVIATIONS 0 0016 0 0011 0 0014 0 0040 0 0067 
0 0044 0 0043 0 0052 0 0032 0 0033 

JUN/DEC 

1 85 
0 6 4  

1 11  
0 3 8  

0 000 
0 001 

0 000 
0 003 

1 325 
0 363 

0786  
0 204 

0 7787 
0 2695 

0 5033 
0 1996 

00972 
0 0949 

0 0072 
0 0187 

0 0115 
0 0038 

0 0074 
0 0028 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3 01 (14 OCTOBER 1994) ** 

** USAE UATERUAYS EXPERIMENT STATION H 

** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 

** ** DEVELOPED BY ENVIRONM€NTAL LABORATORY 

*.r*n**tnHmc*mn*cn****H************m*U**-H*****n*n****n**** 
*1*1**18.'***!*****8****t***+**t,t+*++*********** 

I. 

PRECIPITATION DATA FILE C \HELP3\patou7\1N\SYN3W 04 
TEMPERATURE DATA FILE C \HELP3\PATW7\1 N\SYN3OU D7 
SOLAR RADIATION DATA FILE C \HELP3\PATW7\1N\SYN3W D13 
EVAPOTRANSPIRATION DATA C \HELP3\PATWI\IN\SYN30n D11 
SOIL AND DESIGN DATA FILE C \HELP3\PATWnIN\RFFMC3OP D10 
W T W T  DATA FILE C \HELP3\PATWnWT\RFFUC3OP OUT 

TIME 7 42 DATE 4/12/95 

TITLE Rocky Flats Cover Options W7 File RFFUC 

LAYER 1 
TYPE 1 VERTICAL PERCOLATIOW LAYER 

MATERIAL TEXTURE NUMBER 7 
THICKNESS = 36 00 INCHES 
-0s I TY - 0 4730 VOL/VOL 
FIELD CAPACITY - 0 2220 voL/VOL 
WILTING POINT 0 1040 VOL/yoL 
INITIAL SOIL UATER CONTENT = 0 1667 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 520000001000E 03 Cn/SEC 

- - - 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NWBER 20 - THICKNESS - 0 20 INCHES 

POROSITY - 0 8500 VOL/VOL 
FIELD CAPACITY - 0 0100 VOL/VOL 
WILTING POINT 0 0050 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0286 vOL/VOL 
EFFECTIVE SAT HID CWD = 10 0000000000 CM/SEC 
SLOPE 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 
- 
- 

- 

LAYER 3 
TYPE 4 FLEXIBLE UEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 - THICKNESS - 0 06 INCHES 

POROSITY - 0 0000 voL/VoL 
FIELD CAPACITY - 0 0000 voL/voL 
UILTINC POINT - 0 0000 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0000 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 199999996000E 12 CM/SEC 
FML PINHOLE DENSITY - 0 50 HOLEWACRE 
FML INSTALLATION DEFECTS = 2 00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3  GOOD 

- 
- 
- 

- 
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NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

JAN/JUL FEWAUG MAR/SEP APR/OCT IUY/NOV JUN/DEC 

PRECIPITATION 

TOTALS 0 4 6  048 1 2 2  173 275 1 8 5  
1 4 8  152 1 4 9  0 9 2  0 7 9  0 6 4  

STD DEVIATIONS 0 3 6  O N  0 8 0  1 0 1  1 5 0  1 1 1  
0 8 3  094 0 6 4  065 0 5 8  0 3 8  

RUNOFF - 
TOTALS 0 003 0 007 0 018 0 000 0 008 0 000 

0OOo 0000 0000 0 000 0000  0.Qo1 

STO DEVIATIONS 0 008 0 023 0 072 0 000 0 042 0 000 
0 000 0 000 0 000 0 000 0 000 0 003 

EVAPOTRANSPIRATION 

TOTALS 0 393 0 401 0 736 1 011 1 567 1 325 
0959 0953 0757 0 553 0 448 0 363 

STD DEVIATIONS 0 292 0 259 0 384 0 600 0 803 0 706 
0 481 0 653 0 321 0 374 0 402 0 204 

LATERAL DRAINAGE COLLECTED FROW LAYER 2 

TOTALS 

STO DEVIATIONS 
- 

PERCOLATION/LEAKAGE 

TOTALS 

STO OEVIATIONS 

PERCOLATION/LEAKAGE 

TOTALS 

STD DEVIATIONS 

0 1728 0 0981 
0 6269 0 5181 

0 1318 0 0955 
0 3077 0 3014 

THROUGH LAYER 3 

0 0008 0 0005 
0 0023 0 0019 

0 0005 0 0004 
0 0009 0 0008 

THROUGH LAYER 4 

0 0025 0 0024 
0 0013 0 0016 

0 0007 0 0006 
0 0005 0 0007 

0 1273 
0 5570 

0 1122 
0 3575 

0 0006 
0 0020 

0 0004 
0 0010 

0 0024 
0 0015 

0 0005 
0 0007 

0 4830 
0 5765 

0 2839 
D 2341 

0 0018 
0 0021 

0 0009 
0 0007 

0 0013 
0 0015 

0 0007 
0 0008 

1 0385 
0 3934 

0 4730 
0 2388 

0 0033 
0 0016 

0 0012 
0 0008 

0 0006 
0 0019 

0 0004 
0 0008 

0 8730 
0 3629 

0 5060 
0 2101 

0 0029 
0 0015 

0 0012 
0 0007 

0 0008 
0 0020 

0 0005 
0 0007 



1 1  

1 54660 0 1518 % 

2 Pan60 Q 0U)l 
3 0 -  OeaPQ 
4 O b 3 0 5  0 0717 
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............................................................................. 

rr HYDROLOGIC EVALUATION OF LANDDFILL PERFORMANCE *. 
** HELP m E L  VERSION 3 01 (14 OCTOBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY t* 

............................................................................. 

............................................................................. 

PRECIPITATION DATA FILE C \TEMP\HELP3\patou7\in\SYN3OH 04 
TEMPERATURE DATA FILE C \TEMP\HELP3\patauir\in\SYN30W D7 
SOLAR RADIATION DATA FILE C \TEMP\HELP3\patwnin\SYN3OH D13 
EVAPOTRANSPIRATION DATA C \TEMP\HELP3~tou7\1n\SYN3OM D11 
SOIL AND DESIGN DATA FILE C \TEMP\HELP3\patouir\in\RFGCL30 D1O 
OUTPUT DATA FILE C \TEMP\HELP3\patw7\wt\rfgc130p OUT 

TIME 8 1 DATE 4/12/95 

TITLE Rocky Flats Cover Options W7 30 yrs RFGCL36 

.............................................................................. 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOU UATER YERE 
COWPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NWBER 7 

- 

THICKNESS = 36 00 INCHES 
PMOS I TY 0 4730 VOL/VOL - 0 2220 voL/VOL FIELD CAPACITY 
UILTING POINT - 0 lo40 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 1667 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 520000001000E 03 CII/SEC 

- 
- 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 20 - THICKNESS 0 20 INCHES 

POROSITY I 0 8500 VOL/WL 
F I ELD CAPAC I TY L 0 0100 VOL/VOL 
UILTING POINT = 0 0050 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0285 VOL/VOL 
EFFECTIVE SAT HYD COND = 10 0000000000 W S E C  
SLOPE = 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 - THICKNESS - 0 20 INCHES 

POROS I TY - 0 7500 VOL/VOL 
FIELD CAPACITY 0 7470 VOL/VOL 
UILTING POINT - D 4000 VOL/w)L 
INITIAL SOIL UATER CONTENT = 0 7500 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 300000003000E 08 CM/SEC 

- 
- 
- 





............................................................................... 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THRWGH 30 

PRECIPITATION - 
TOTALS 

STD DEVI AT I ONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EYAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

JAN/JUL 

0 4 6  
1 48 

0 3 6  
0 83 

0 003 
0 000 

0 008 
0 000 

0 393 
D 959 

0 292 
0 481 

FEWAUG 

0 48 
1 52 

0 25 
0 94 

0 007 
0 000 

0 023 
0 000 

0 401 
0 953 

0 259 
0 653 

LATERAL DRAINAGE COLLECTED FROW LAYER 2 

TOTALS D 1711 0 0968 
0 6260 0 5168 

STD DEVIATIONS 0 1318 0 0951 
0 3085 0 3021 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 0 0026 0 0018 
0 0033 0 0032 

STD DEVIATIOWS 0 0007 0 0010 
0 0001 0 0001 

- 

MAR/SEP 

1 22 
1 49 

0 8 0  
0 6 4  

0 018 
OOOO 

0 OR 
0 000 

0 136 
0 757 

0 384 
0 321 

0 1255 
0 5560 

0 1121 
0 3583 

0 0024 
0 0030 

0 0007 
0 0004 

- 

APR/OCT 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 011 
0 553 

060D 
0 374 

0 4818 
0 5754 

0 2845 
0 2346 

0 0030 
0 0032 

0 0003 
0 0004 

WAY/NOV 

2 7 5  
0 7 9  

1 50 
0 58 

0 008 
0 000 

0 042 
0 000 

- 

1 567 
0 448 

0 803 
0 402 

1 0384 
0 3920 

0 0741 
0 2392 

0 0034 
0 0029 

0 9001 
0 0006 

AVERAGES OF llOWTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES o 0024 o 0015 o 0018 o 0071 o 0148 
0 0089 0 0074 0 0082 0 0082 0 0058 

STD DEVIATIONS 0 0019 0 0015 0 0016 0 0042 0 0067 
0 0044 0 0043 0 0053 0 0033 0 0035 

JUN/DEC 

1 85 
0 6 4  

1 1 1  
0 38 

OOOO 
0 001 

0 000 
0 003 

1 325 
0 3 6 3  

0 786 
0 204 

0 8727 
0 3613 

0 5070 
0 2106 

0 0032 
0 0031 

0 0002 
0 0004 

- 

0 0128 
0 0051 

0 0075 
0 0030 
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.............................................................................. 

......................................................................... 

** HYOROLOGIC EVALUATION OF WDFILL PERFORMANCE t* 

** HELP -EL VERSION 3 03 (31 DECEHBER 1994) ** 
** DEVELOPED BY ENVIRONHENTAL LABORATORY ** 
** USE UATERUAYS EXPERIWENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
***N****C1C*W******************************~*****~*~*************U**** 

.............................................................................. 

PRECIPITATION DATA FILE C \HELP3\UETHW7\IN\SYN3OU D4 
TEMPERATURE DATA FILE C \HELP3\MTHUJ7\IN\SYN3OCI 07 
SOLAR RADIATIOW DATA FILE C \HELP3\UETHUJ7\IN\SYN30)( D13 
EVAPOTRANSPIRATION DATA C \HELP3\UETHWnIN\SYN30)( D11 
SOIL AND DESIGN DATA FILE C \HELP3\PATOUUnIN\RFC2 5 D10 
OUTWT DATA FILE C \HELP3\RFC2 5P OUT 

TIME 7 48 DATE 4/12/95 

............................................................................... 

TITLE Rocky Flats Cover options OU7 File RFC2 5 

NOTE INITIAL UOISTURE CONTENT OF THE LAYERS AND SNOU UATER UERE 
COMPUTED AS NEARLY STEADY STATE VALUESBY THE PROGRAU 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

UATERIAL TEXTURE NUWEER 7 
THICKNESS = 36 00 INCHES 
POROSITY I 0 4?30 VOL/VOL 
FIELO CAPACITY = 0 2220 voc/voL 
UILTING POINT 0 1040 w)L/WL 
INITIAL SOlL UATER CONTENT = 0 1667 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 520000001000E 03 CU/SEC 

- 

NOTE SATURATED HYDRAULIC WNOUCTIVITY IS UULTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER - 
UATERIAL TEXTURE NUWBER 20 - - THICKNESS - 0 20 INCHES 

POROSITY - 0 8500 WL/VOL 
FIELD CAPACITY 0 0100 voL/VOL 
UILTING POINT 0 0050 voL/voL 
INITIAL SOIL UATER CONTENT = 0 0287 WL/VOL 
EFFECTIVE SAT HYO COND = 10 0000000000 CII/SEC 
SLOPE 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- - - 

- 

LAYER 3 
TYPE 4 FLEXIBLE WEUBRANE LINER 
MATERIAL TEXTURE NUHBER 35 - - THICKNESS 0 06 INCHES 

POROSITY 0 0000 voL/voL 
FIELO CAPACITY - 0 0000 VOL/VOL 
UILTING POINT 0 0000 voL/voL 
INITIAL SOIL UATER CONTENT = 0 OOOO VOL/VOL 
EFFECTIVE SAT HYD CON0 = 0 1999999960006 12 CU/SEC 
FML PINHOLE DENSITY - 0 50 HOLES/ACRE 
FHL INSTALLATION DEFECTS = 2 00 HOLES/ACRE 
FHL PLACEMENT QUALITY = 3  Goo0 

- 
- - 
- 



c- 

c 



' 0  

NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 

* * * * ~ * * * C * t * * * * * C * * * * * * * * C , N * *  

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 
- 

EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

JAN/JUL 

0 46 
1 48 

0 36 
0 8 3  

0 003 
O O O O  

0 008 
0 000 

0 393 
0 959 

0 292 
0 481 

FEB/AUG 

0 48 
1 52 

0 25 
0 94 

0 007 
OOOO 

0 023 
0 000 

0 401 
0 953 

0 259 
0 653 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 1736 00986 
0 6292 0 5200 

STD DEVIATIONS 0 1323 0 0%9 
0 3086 0 3022 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 0 0000 0 woo 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

MAR/SEP 

1 22 
1 49 

0 80 
0 6 4  

0 018 
O O O O  

0 OR 
0 000 

0 736 
0 757 

0384  
0 321 

0 1279 
0 5590 

0 1125 
0 3585 

ow00 
0 0000 

0 0000 
0 0000 

APR/OCT 

173 
0 92 

1 01 
0 6 5  

0 000 
OOOO 

0 000 
0 000 

1 011 
0 553 

0 600 
0 374 

0 4847 
0 5786 

0 2847 
0 2348 

0 woo 
0 0000 

0 0000 
0 woo 

MAY/NOV 

2 7 5  
0 7 9  

1 50 
0 58 

0 008 
0 PO0 

0 042 
0 000 

1 567 
0 448 

0 803 
0 402 

1 0417 
0 3949 

0 4742 
0 2396 

0 0000 
0 0000 

0 0000 
0 0000 

AVERAGES OF WNTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES 0 0025 0 0016 0 0018 0 0071 0 0148 
0 0090 0 0074 0 0082 0 0082 0 0058 

STD DEVIATIONS 0 0019 0 0015 0 0016 0 0042 0 0067 
0 0044 0 0043 0 0053 0 0033 0 0035 

JUN/DEC 

1 85 
0 6 4  

1 1 1  
0 38 

0 000 
0 001 

0 000 
0 003 

1 325 
0 363 

0 7 8 6  
0 204 

0 8759 
0 3644 

0 5072 
0 2108 

- 
0 0000 
0 0000 

0 0000 
0 0000 

0 0129 
0 0052 

0 0075 
0 0030 



02542 
0 1172 

i 

* 

.- 
>- 

I .; 

t 



q 8 R  88 0088888888 



d 

P 

4 

T 



................................................................... 

........................................................................ 

** HYDROLOGIC EVALUATIO)( OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3 01 (14 OCTOBER 1994) ** 
n DEVELOPED BY ENVIRONMENTAL LAEORATORY ** 
** USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTIW ENGINEERING LABORATORY ** 
.............................................................................. 
.............................................................................. 

PRECIPITATION DATA FILE C \HELP3\PATW7\IN\SYN30n D4 
TEMPERATURE DATA FILE C \HELP3\PATW7\lN\SYN30n 07 
SOLAR RADIATION DATA FILE C \HELP3\PATW7\1N\SYN30n D13 
EVAPOTRANSPIRATION DATA C \HELP3\PATWnIN\SYN3M D11 
SOIL AND DESIGN DATA FILE C \HELP3\PATOU7\1N\RFo DlO 
OUTPUT DATA FILE C \HELP3\PATOU7\OUT\PFCP OUT 

TIME 8 5 DATE 4/12/95 

TITLE Rocky Flats Cover options W7 File RFC3 

.............................................................................. 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOU UATER WERE 
COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 7 
THICKNESS = 36 00 INCHES 
POROS I TY I 0 6730 VOL/voL 
FIELD CAPACITY - 0 2220 VOL/voL 
WILTING POINT - 0 1040 ML/VOL 
ZNITIAL SOIL UATER CONTENT = 0 1667 voL/voL 
EFFECTIVE SAT HYD COND = 0 520D0000100DE 03 CM/SEC 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAWRATIM ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 20 - 0 20 INCHES THICKNESS - POROS 1 TY - 0 8500 VOLryOL 

FIELD CAPACITY - 0 0100 w)L/VOL 
WILTING POINT z 0 0050 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0287 VOL/VOL 
EFFECTIVE SAT HYD COND = 10 0000000000 W S E C  
SLOPE - 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 

LAYER 3 
TYPE 4 FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NIMBER 35 - 0 06 INCHES THICKNESS - POROS 1 TY - 0 0000 voL/VOL 

FIELD CAPACITY - 0 0000 VOL/VOL 
UILTING POINT - 0 0000 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0000 voL/VOL 

FML PINHOLE DENSITY - 0 50 HOLEWACRE 

FML PLACEMENT QUALITY = 3  GOOD 

- 
- 

EFFECTIVE SAT HYD COND = 0 199999996000E 12 CM/SEC 

FML INSTALLATION DEFECTS = 2 00 HOLES/ACRE 
- 

a 





NOTE SOLAR RADIATION DATA VAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR OENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 

............................................................................ 

AVERAGE HONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STO DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STO DEVIATIONS 

JAN/JUL 

0 46 
1 48 

0 3 6  
0 8 3  

0 003 
0 000 

0 008 
0 000 

0 393 
0 959 

0 292 
0 481 

FEB/AUG WAR/SEP 

0 48 
1 52 

0 25 
0 94 

6 007 
0 000 

0 023 
0 000 

0 401 
0 953 

0 259 
0 653 

LATERAL DRAINAGE COLLECTED FROn LAYER 2 

TOTALS 0 1736 0 0986 
0 6292 0 5200 

STD DEVIATIONS 0 1323 0 0959 
0 3086 0 3022- 

- 
PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 0 0000 0 0000 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

1 22 
1 49 

0 80 
0 6 4  

o oia 
0 000 

0 072 
0 000 

0 7 3 6  
0 757 

0 384 
0 321 

D 1279 
0 5591 

0 1125 
0 3585 

0 0000 
0 0000 

0 0000 
0 OOOO 

APR/OCT 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 011 
0 553 

0 600 
0 374 

0 4847 
0 5786 

0 2847 
0 2348 

0 0000 
0 0000 

0 0000 
0 OOOO 

UAY/NW JOW/DEC 

2 7 5  1 8 5  
0 7 9  0 6 4  

1 50 1 11  
0 58 0 38 

0 008 0 000 
0 000 0 001 

0 042 0 000 
0 000- 0 003 

1 567 1 325 
0 448 0 363 

0 8 0 3  0 7 8 6  
0 402 0 204 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

10417 08759 
0 3950 0 3644 

0 4742 0 5072 
0 2396 0 2108 

0 0000 0 0000 
0 m 00000 

0 0000 0 0000 
ooooo ooooo 

AVERAGES 0 0025 0 0016 0 0018 0 0071 0 0148 0 0129 
0 0090 0 0074 0 0082 0 0082 0 0058 0 0052 

STO DEVIATIONS 0 0019 0 0015 0 0016 0 0042 0 0067 0 0075 
0 0044 0 0043 0 0053 0 0033 0 0035 0 0030 
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.............................................................................. 

.............................................................................. 
** HYDROLOGIC EVALUATIOW OF LANDFILL PERFORWAWCE ** 
** HELP MODEL VERSIOW 3 03 (31 DECEMBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LAB4RATORY ** 
** USAE UATERUAYS EXPERIUENT STATIOW ** 
** FOR USEPA RISK REDUCTIOW ENGINEERING LABORATORY *. 
............................................................................ 
.............................................................................. 

PRECIPITATION DATA FILE 
TEMPERATURE DATA FILE 
SOLAR RADIATION DATA FILE 
EVAPOTRANSPIRATION DATA 
SOIL AND DESIGN DATA FILE 
OUTPUT DATA FILE 

C \HELP3\uethw7\in\SYN3OH 04 
C \HELP3\wethw7\in\SYN30n 07 
C \HELP3\uethwnin\SYN3On D13 
C \HELPS\uethou7\in\SYN30M Dl 1 
C \HELP3\petw7\in\RPCl Dl0 
C \HELP3\patou~out\rfcIp OUT 

TIME 10 9 DATE 6/22/95 

.............................................................................. 

TITLE Rocky Flats Cover Options OU7 File RFCl 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOU UATER YERE 
COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

- 

MATERIAL TEXTURE NUMBER 7 
TH 1 CKNESS = 36 00 INCHES 
POROSITY 0 4730 W L W L  
FIELD CAPACITY 0 2220 VOL/VOL 
UILTING POINT - 0 1040 w)L/w)L 
INITIAL SOIL UATER CONTENT = 0 1667 wIL/WL 
EFFECTIVE SAT HYD CON0 = 0 520000001000E 03 CII/SEC 

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE 

- - 
- 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 2 68 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 20 - - - 0 20 INCHES - THICKNESS 

POROS 1 TY - 0 8500 w)L/VOL 
fIELD CAPACITY 0 0100 voL/voL 
UILTING POINT 0 0050 VOL/VOL 

EFFECTIVE SAT HID COND = 10 0000000000 Cn/SEC 
SLOPE - 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- - - 
INITIAL SOIL UATER CONTENT = o 0287 VOLIVOL 

- 

LAYER 3 
TYPE 4 FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 - THICKNESS 0 06 INCHES - 0 0000 VOL/VOL POROSITY 

FIELD CAPACITY - 0 0000 VOL/VOL 
UILTING POINT 0 0000 VoL/VOL 
INITIAL SOIL UATER CONTENT = D 0000 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 199999996000E 12 W S E C  
FML PINHOLE DENSITY 0 50 HOLES/ACRE 
FML INSTALLATION DEFECTS = 2 00 HOLEWACRE 
FML PLACEMENT QUALITY = 3 Goo0 

- 

- 



t 

060 0 4 3  1 33 1 8 0  332 1-R 
1 39 1 53 1 24 1 24 006 0 S? 



NOTE TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN ClOWTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/OEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 

NOTE SOLAR RADIATlOW DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 

AVERAGE MWTHLY VALUES IN INCHES FOR YEARS 1 THROOGH 30 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

c 

JAN/JUL 

0 46 
1 48 

0 36 
0 8 3  

0 003 
0 000 

0008 
0 000 

0 393 
0 959 

0 292 
0 481 

FEWAUG W / S E P  

0 4 8  
1 52 

0 25 
0 94 

0 007 
O O O O  

0 023 
0 000 

0 401 
0 953 

0 259 
0 653 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 1736 00986 
0 6292 0 5200 

STD DEVIATIONS 0 1323 0 0959 
0 3086 0 3022 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 0 WOO 0 0000 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 

1 22 
1 49 

0 80 
0 6 4  

0 018 
0 000 

0 072 
0 000 

0 736 
0 757 

0 384 
0 321 

0 1279 
0 5590 

0 1125 
0 3585 

0 0000 
0 0000 

0 0000 

APR/OCT 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 011 
0 553 

0 600 
0 374 

0 4847 
0 5786 

0 2847 
0 2348 

0 0000 
0 0000 

0 0000 

MAY/YOV JUW/DEC 

2 7 5  
0 7 9  

1 50 
0 58 

0 008 
0 000 

0 042 
0 000 

1 567 
0 448 

0 803 
0 402 

1 0417 
0 3950 

0 4742 
0 2396 

0 0000 
0 0000 

0 0000 

1 85 
0 6 4  

1 11  
0 38 

0 000 
0 001 

0 000 
0 003 

1 325 
0 363 

0 786 
0 204 

0 8759 
03444 

0 5072 
0 2108 

0 0000 
0 0000 

0 0000 
0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 



. 

F I W  WTER STORME AT END OF VEAR %I 
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.............................................................................. 
* * * * * . * * t * * * * * * 8 * t l t * * * * * * * * t t . * * * * * * *  

** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3 01 (16 OCTOBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERlNG LABORATORY ** 
**w****w**Utc*n.*******U**-********-*~**n*****~**w**~n***** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PRECIPITATION DATA FILE C \TEMP\HELP3\LDLSLOPE\IN\SYN3OM D4 
TEMPERATURE DATA FILE C \TEMP\HELP3\LDLSLOPE\IN\SYNJW D7 
SOLAR RADIATION DATA FILE C \TEMP\UELP3\LDLSLOPE\IN\SYN3W D13 
EVAPOTRANSPIRATION DATA C \TEMP\HELP3\LDLSLOPE\IN\SYN3OM D11 
SOIL AND DESIGN DATA FILE C \TEMP\HELP3\LDLSLOPE\IN\SSEC3-2 D10 
WTPUT DATA FILE C \TEMP\HELP3\LDLSLOPE\WT\SSEC3-2 W7 

TIME 8 27 DATE 4/17/95 

TITLE LDL SLOPE SENSITIVIY ANALYSIS SEI3 FILE SSEC3-2 

- ............................................................................. 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOU UATER UERE 
COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NWBER 7 

- 

THICKNESS = 36 00 INCHES 
POROS I TI - 0 4730 VOL/VOL 
FIELD CAPACITY 0 2220 voL/VOL 
UILTING POINT 0 1040 voL/VOL 
INITIAL SOIL UATER CONTENT = 0 1667 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 520000001000E 03 CM/SEC 

- 
- - 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE 

' 0  

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 20 - THICKNESS 0 20 INCHES 

POROSITY I 0 8500 VOL/VOL 
FIELD CAPACITY 0 0100 voL/VOL 
WILTING POINT 0 0050 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0287 v(K/VOL 
EFFECTIVE SAT HYD COND = 10 0000000000 W S E C  
SLOPE 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

.. - 
- 

LAYER 3 
TYPE 4 FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 - THICKNESS - 0 06 INCHES 

POROSITY - 0 0000 VOL/VOL 
FIELD CAPACITY - 0 0000 VOL/VOL 
WILTING POINT - 0 0000 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0000 WL/VoL 
EFFECTIVE SAT HID COND = 0 199999996000E 12 CM/SEC 
FHL PINHOLE DENSITY - 0 50 HOLES/ACRE 
FML INSTALLATION DEFECTS = 2 00 HOLES/ACRE 
FML PLACEMENT WALITY = 3  coo0 

- 
- 
- 

- 



I 
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NOTE SOLAR RADIATIW DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 

............................................................................... 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF - 
TOTALS 

STD DEVIATIOWS 

EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

JAN/JUL 

0 46 
1 48 

0 36 
0 8 3  

0 005 
o m 0  

0 008 
Q 000 

0 393 
0 959 

0 292 
0 481 

FEWAUG 

0 4 8  
1 52 

0 25 
0 %  

0 007 
0 000 

0 023 
0 000 

0 401 
0 M3 

0 259 
0 653 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 1736 00986 
0 6292 0 5200 

STD DEVIATIONS 0 1323 0 0959 
0 3006 0 3022 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 0 0000 0 0000 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 oooo 0 0000 

MAR/SEP 

1 22 
1 49 

0 80 
0 6 4  

0 018 
0 000 

0 OR 
0 000 

0 736 
0 757 

0 3 8 4  
0 321 

0 1279 
0 5590 

0 1125 
0 3585 

0 0000 
0 0000 

0 0000 
0 0000 

APR/OCT 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 011 
0 553 

0 600 
0 374 

0 4847 
Q 5786 

0 2867 
0 2348 

0 0000 
0 0000 

0 0000 
0 0000 

MAY/NOV JUN/DEC 

2 7 5  1 8 5  
0 7 9  0 6 4  

1 50 1 11 
0 58 0 38 

0 008 0 000 
0 000 0 001 

0 042 0 000 
0 000 0 003 

1 567 1 325 
o 448 o ~3 

0 803 0 786 
0 402 0 204 

10417 0 8759 
0 3 9 4 9  03644 

0 4742 0 5072 
0 23% -0 2108 

0 0000 0 OOM) 
0 0000 0 QOOO 

0 0000 0 0000 
0 0000 0 0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES 0 0025 0 0016 0 0018 0 0071 0 0148 0 0129 
0 0090 0 0074 0 0082 0 0082 0 0058 0 DO52 

STD DEVIATIONS 0 0019 0 0015 0 0016 0 0042 0 0067 0 0075 
0 0044 0 0043 0 0053 0 0033 0 0035 0 0030 

0 

............................................................................... 
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** ** HYDROLOGIC EVALUATIOW OF LANDFILL PERFORMANCE ** HELP MODEL VERSION 3 01 (14 OCTOBER 1994) ** 
** DEMLOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE UATERUAYS EXPERIMENT STATIOW ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
*t*C**t******.**l*****C****************************,n*******************~******* 

.............................................................................. 

PRECIPITATION DATA FILE C \TEMP\HELP3\LDLSLOPE\IN\SYN30n D4 
TEMPERATURE DATA F I LE C \TEMP\HELP3\LDLSLOPE\IN\SYN30n D7 
SOLAR RADIATION DATA FILE C \TEMP\HELP3\LDLSLOPE\lN\SYN3OM D13 
EVAPOTRANSPIRATION DATA C \TEMP\HELP3\LDLSLOPE\IN\SYN30n Dll 
SOIL AND DESIGN DATA FILE C \TEMP\HELP3\LDLSLOPE\IN\SSEC3-3 Dl0 
WTPUT DATA FILE C \TEMP\HELP3\LDLSLOPE\WT\SSEC3-3 OUT 

TIME 8 52 DATE 4/17/95 

TITLE LDL SLOPE SENSITIVIY ANALYSIS SEQ FILE SSEC3-3 

NOTE INITIAL MOISTURE COWTENT OF THE LAYERS AND SNOV UATER UERE 
COIF!UTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 7 
THICKNESS = 36 00 INCHES 
POROSITY - 0 4730 VOL/VOL 
FIELD CAPACITY - 0 2220 VOL/VOL 
UILTING POINT 0 1040 VOL/VoL 
INITIAL SOIL UATER CONTENT = 0 1667 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 520000001000E 03 UI/SEC 

- 
- - 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZNE 

e 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 20 - THICKNESS - 0 20 INCHES 

POROSITY 0 8500 VOL/VOL 
FIELD CAPACITY - 0 0100 VOL/VOL 
UILTING POINT - 0 0050 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0224 VOL/VOL 
EFFECTIVE SAT HYD COND = 10 0000000000 CM/SEC 
SLOPE 3 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 
- 
- 

- 

LAYER 3 
TYPE 4 FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NWBER 35 - THICKNESS - 0 06 INCHES 

POROSITY 0 0000 VOL/VOL 
FIELD CAPACITY 0 0000 VOL/VOL 
UILTING POINT 0 0000 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0000 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 199999996000E 12 M/SEC 
FML PINHOLE DENSITY - 0 50 HOLES/ACRE 
FML INSTALLATION DEFECTS = 2 00 HOLEWACRE 
FML PLACEMENT QUALITY = 3 GOOD 

- 
- 
- - 

- 
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PRECIPITATION 

TOTALS 

STD DEVIATIWS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

JAN/JUL 

0 46 
1 48 

OM 
0 8 3  

0 003 
0 000 

0 008 
0 000 

0 393 
0 959 

0 292 
0 481 

FEB/AUG MAR/SEP 

0 48 
1 52 

0 25 
0 94 

0 007 
0 000 

0 023 
0 000 

0 401 
0 953 

0 259 
0 653 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 

STO DEVIATIONS 

PERCOLATION/LEAKAGE - 

TOTALS 

STD DEVIATIONS 

0 1732 0 0985 
0 6276 0 5206 

0 1324 0 0960 
0 3081 0 3030 

THROUGH LAYER 4 

0 0000 0 0000 
0 0000 0 0000 

0 0000 0 0000 
0 0000 0 0000 

1 22 
1 49 

0 8 0  
0 6 4  

0 018 
0 000 

0 OR 
0 000 

0 736 
0 757 

0 384 
0 321 

0 1287 
0 55% 

0 1138 
0 3577 

0 0000 
0 0000 

0 woo 
0 0000 

APR/OCT 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 011 
0 553 

0 600 
0 374 

0 4864 
0 5775 

0 2851 
0 2339 

0 0000 
0 0000 

0 0000 
0 0000 

MAY/NOV 

2 7 5  
0 7 9  

1 50 
0 58 

6 008 
0 000 

0 042 
0 000 

1 567 
0 448 

0 803 
0 402 

10447 
0 3945 

0 4748 
0 2390 
- 

0 0000 
0 0000 

0 0000 
0 0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS CINCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES 0 0016 0 0010 0 0012 0 0048 0 0099 
0 0060 0 0049 0 0055 0 0055 0 0039 

STD DEVIATIONS 0 0013 0 0010 0 0011 0 0028 0 0045 
0 0029 0 0029 0 0035 0 0022 0 0023 

JUN/OEC 

1 85 
0 6 4  

1 11  
0 38 

0 000 
0 001 

0 000 
0 003 

1 325 
0 363 

0786  
0 204 

0 0737 
03638 

0 5041 
0 2104 

0 0000 
0 0000 

0 0000 
0 0000 

0 0086 
0 0035 

0 0049 
0 0020 



i 
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.............................................................................. 

.............................................................................. 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3 01 (14 OCTOBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
.......................................................................... 

PRECIPITATION DATA FILE 
TEMPERATURE DATA FILE 
SOLAR RADIATIOW DATA FILE 
EVAPOTRANSPIRATION DATA 
SOIL AND DESIGN DATA FILE 
OUTPUT DATA FILE 

TIME 9 16 DATE 4/17/95 

C \TEMP\HELP3\LDLSLOPE\IN\SYN3OM D4 
C \TEMP\HELP3\LDLSLOPE\IN\SYN30n 07 
C \TEMP\HELP3\LDLSLOPE\IN\SYN3OM Dl3 
C \TEMP\HELP3\LDLSLOPE\IN\SYN3&l Dl 1 
C \TEMP\HELP3\LDLSLOPE\IN\SSEC3-4 D10 
C \TEMP\HELP3\SSEC3-4 OUT 

.............................................................................. 

TITLE LDL SLOPE SENSITIVIY ANALYSIS SEC3 FILE SSEC3-4 

NOTE INITIAL WISTURE CONTENT OF THE LAYERS AND SNOU UATER UERE 
COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NWBER 7 

- 

THICKNESS = 36 00 INCHES 
POROSITY I 0 4730 VOL/VOL 
FIELD CAPACITY - 0 2220 voL/voL 
UILTING POINT - 0 1040 VOL/voL 
INITIAL SOIL UATER CONTENT = 0 1667 VOL/VOL 
EFFECTIVE SAT HID COND = 0 520000001000E 03 CM/SEC 

- 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MILTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE W E E R  20 - THICKNESS - 0 20 INCHES 

POROSITY - 0 8500 VOL/VOL 
FIELD CAPACITY - 0 0100 VOL/VOL 
UILTING POINT - 0 0050 voL/voL 
INITIAL SOIL UATER CONTENT = 0 0193 VOL/VOL 
EFFECTIVE SAT HYD COND = 10 0000000000 CM/SEC 
SLOPE a 4 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- - 

LAYER 3 
TYPE 4 FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 - THICKNESS - 0 06 INCHES 

POROS I TY = 0 0000 VOL/VOL 
FIELD CAPACITY - 0 0000 VOL/VOL 
UILTING POINT - 0 0000 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0000 voL/voL 
EFFECTIVE SAT NYD COND = 0 1 M 6 0 0 0 E  12 CM/SEC 
FML PINHOLE DENSITY - 0 50 HOLES/ACRE 
FML INSTALLATION DEFECTS = 2 00 HOLEWACRE 
FML PLACEMENT QUALITY = 3  Goo0 

- 

- 



C .  
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NOTE SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER, COLORADO 

STATION LATITUDE = 39 71 DEGREES 

............................................................................... 

AVERAGE UONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD OEVIATIONS 

JAN/JUL 

0 4 6  
1 4 8  

0 36 
0 8 3  

0 003 
0 000 

0 008 
0 000 

0 393 
0 959 

0 292 
0 481 

FEB/AUG IIAR/SEP APR/OCT 

0 48 
1 52 

0 25 
0 94 

0 007 
0 000 

0 023 
0 000 

0 401 
0 953 

0 259 
0 653 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 1729 0 0985 
0 6268 0 5210 

STD DEVIATIOWS 0 1325 0 0960 
0 3079 0 3035 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 0 0000 0 0000 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

1 2 2  1 7 3  
1 49 0 92 

0 80 1 01 
0 6 4  0 6 5  

0 018 -0 000 
0 000 0 000 

0 on 0 000 
0 OW 0 000 

0 736 1 011 
0 757 0 553 

0384  0 6 0 0  
0 321 0 374 

0 1291 0 4073 
0 5597 0 5769 

0 1144 0 2853 
0 3571 0 2335 

- 

0 0000 0 0000 
0 0000 0 0000 

0 0000 0 0000 
0 0000 0 0000 

UAY/waV 

2 7 5  
0 7 9  

1 50 
0 58 

0 008 
0 000 

0 042 
0 000 

1 567 
0 448 

0 803 
0 402 

1 0462 
0 3943 

0 4752 
0 2387 

0 0000 
0 0000 

0 0000 
0 0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES 0 0012 0 0008 0 0009 0 0036 0 0075 
0 0045 0 0037 0 0041 0 0041 0 0029 

STD DEVIATIONS 0 0009 0 0008 0 0008 0 0021 0 0034 
0 0022 0 0022 0 0026 0 0017 0 0018 

JW/DEC 

1 85 
0 6 4  

1 11  
0 3 8  

0 000 
0 001 

0 000 
0 003 

1 325 
0363  

0 786 
0 204 

0 8725 
0 3635 

0 5024 
0 2102 

0 OOOO 
0 0000 

0 0000 
0 moo 

00064 
0 0026 

0 0037 
0 0015 
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............................................................................ 

** HYDROLOGIC EVALUATIOW OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3 01 (14 OCTOBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** W E  UATERUAYS EXPERIMENT STATION .* 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY c1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.............................................................................. 

PRECIPITATION DATA FILE C \TEMP\HELP3\LDLSLOPE\IN\SYN3OCI 04 
TEMPERATURE DATA FILE C \TEMP\HELP3\LDLSLOPE\IN\SYN3O)II D7 
SOLAR RADIATION DATA FILE C \TEMP\HELP3\LDLSLOPE\IN\SYN3OCI Dl3 
EVAPOTRANSPIRATION DATA C \TEMP\HELP3\LDLSLOPE\IN\SYN3OCI D11 
SOIL AND DESIGN DATA FILE C \TEHP\HELP3\LDLSLOPE\IN\SSEC3-5 D10 
OUTPUT DATA FILE C \TEHP\HELP3\LDLSLOPE\OUT\SSEU-5 OUT 

TIME 9 43 DATE 4/17/95 

.............................................................................. 

TITLE LDL SLOPE SENSITIVIY ANALYSIS SEC3 FILE SSEC3-5 

............................................................................. 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOU UATER UERE 
COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NMBER 7 
THICKNESS = 36 00 INCHES 
POROSITY - 0 4730 voL/voL 
FIELD CAPACITY 0 2220 voL/VOL 
WILTING POINT - 0 1040 voL/voL 
INITIAL SOIL UATER CONTENT = 0 1667 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 520000001000E 03 CWSEC 

- - - 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 20 

THICKNESS - 0 20 INCHES 
POROSITY - 0 8500 voL/voL - 
FIELD CAPACITY = 0 0100 voL/VOL 
UILTING POINT 0 0050 WL/VOL 
INITIAL SOIL UATER CONTENT = 0 0175 voL/VOL 
EFFECTIVE SAT HYD COND = 10 0000000000 CE(/SEC 
SLOPE - 5 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- - 
- 

- 

LAYER 3 
TYPE 4 FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 - THICKNESS 0 06 INCHES 

POROSITY 0 0000 VOL/VOL 
FIELD CAPACITY - 0 0000 voL/VOL 
WILTING POINT - 0 0000 VOL/voL 
INITIAL SOIL UATER CONTENT = 0 0000 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 199599996000E 12 CM/SEC 
FML PINHOLE DENSITY - 0 50 HOLES/ACRE 
FHL INSTALLATION DEFECTS = 2 00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3  GOOD 

- 
- - 

- 



1 



NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER, COLORADO 

STATION LATITUDE = 39 DEGREES 

............................................................................... 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

- TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

JAN/JUL 

0 46 
1 48 

0 36 
0 8 3  

0 003 
0 000 

0 008 
0 000 

0 393 
0 959 

0 292 
0 481 

FEB/AUG MAR/SEP 

0 48 1 22 
1 52 1 49 

0 2 5  0tM 
0 9 4  0 6 4  

0 007 D 018 
0 000 0 000 

0 023 0 072 
0 000 0 000 

0 401 0 736 
D 953 0 757 

0 259 0 384 
0 653 0 321 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 1728 0 0984 
0 6263 0 5212 

STD DEVIATIONS 0 1325 0 0961 
0 3078 0 3039 - 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 0 0000 0 0000 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

0 1294 
0 5598 

0 1117 
0 3568 

0 0000 
0 0000 

0 0000 
0 0000 

APR/OCT MAY/NOV 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 011 
0 553 

0 600 
0 374 

0 4878 
0 5766 

0 2854 
0 2332 

0 0000 
0 0000 

0 0000 
0 0000 

2 7 5  
0 7 9  

1 50 
0 58 

0 008 
0 000 

0 042 
0 000 

1 567 
0 448 

0 803 
0 402 

1 ob72 
0 3941 

0 4754 
0 2385 

0 0000 
0 0000 

0 0000 
0 0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES 0 0010 0 0006 0 0007 0 0029 0 0060 
0 0036 0 0030 0 0033 0 0033 0 0023 

STD DEVIATIONS 0 0008 0 0006 0 0007 0 0017 0 0027 
0 0018 0 0017 0 0021 0 0013 0 0014 

JUN/DEC 

1 85 
0 6 4  

1 11  
0 3 8  

0 000 
0 001 

0 0Qo 
0 003 

1 325 
0 363 

0 7 8 6  
0 204 

0 8718 
0 3634 

0 5014 
0 2101 

0 0000 
0 0000 

0 0000 
0 0000 

0 0051 
0 0021 

0 0030 
0 0012 
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.......................................................................... 

........................................................................... 
** ** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 

** HELP MODEL VERSION 3 03 (31 DECEMBER 1994) ** 
** 
** 

** DEVELOPED BY ENVIRONMENTAL LABORATORY 
** USAE UATERUAYS EXPERIMENT STATION ** FOR USEPA RISK REDUCTIa ENGINEERING LABORATORY ** 
******C********************~*************~*******************************H 

.............................................................................. 

PRECIPITATION DATA FILE C \HELP3\EVAPSEN\IN\EVAPl D4 
TEMPERATURE DATA FILE C \HELP3\EVAPSEN\IN\EVAPl D7 
SOLAR RADIATION DATA FILE C \HELP3\EVAPSEN\IN\EVAPl D13 
EVAPOTRANSPIRATION DATA C \HELPJ\EVAPSEN\IN\EVAPl D11 
SOIL AND DESIGN DATA FILE C \HELP3\EVAPSEN\IN\SECI D10 
W T P U T  DATA FILE C \HELP3\EVAPSEN\WT\SEC1 1 OUT 

TIME 13 22 DATE 4/13/95 

TITLE W7 EVAP DEPTH SENSITIVETY ANALYSIS FILE SEC1 

NOTE INITIAL MISTURE CONTENT OF THE LAYERS AND S N W  UATER UERE 
COMPUTED ASNEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE N W E R  53 
THICKNESS = 42 00 INCHES 
POROSITY - 0 4370 VOL/VOL 
FIELD CAPACITY x 0 0620 VOL/VOL 
UILTING POINT - 0 0240 VOL/WL 
INITIAL SOIL UATER CONTENT = 0 0765 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 %9999978000E 02 W S E C  

- 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NWBER 53 

THICKNESS - 1 00 INCHES 
POROS I TY I 0 4370 VOL/VOL 
FIELD CAPACITY - 0 0620 VOL/WL 
UILTING POINT - 0 0240 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0620 w)L/VOL 
EFFECTIVE SAT HYD COND = 0 ~ 7 8 o o o E  02 Cn/SEC 
SLOPE I 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 53 - THICKNESS - 1 00 INCHES 

POROS I TY - 0 4370 VOL/VOL 
FIELD CAPACITY - 0 0620 VOL/VOL 
UILTING POINT - 0 0240 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 4370 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 -78000E 02 CII/SEC 

A- 





............................................................................... 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NW JUN/DEC 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 
- 

TOTALS 

STD DEVIATIWS 

0 46 
1 48 

0 36 
0 83 

0 003 
0 000 

0 009 
0 000 

0 516 
1 487 

0 296 
0 765 

0 48 
1 52 

0 25 
0 94 

0 008 
0 000 

0 024 
0 000 

0 421 
1 231 

0 202 
0 a60 

LATERAL DRAINAGE COLLECTED FROn LAYER 2 

TOTALS 0 0000 0 0000 
0 0000 0 OOOO 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 0 0468 0 0415 
0 2058 0 1349 

STD DEVIATIONS 0 0204 0 0206 
0 1542 0 0717 - 

1 22 
1 49 

0 80 
0 6 4  

0 021 
0 000 

0086 
0 000 

0886  
1 549 

0 465 
0 756 

0 0000 
0 0000 

0 0000 
0 0000 

0 0416 
0 0984 

0 0193 
0 0589 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 524 
0 828 

0 729 
0 532 

0 0000 
0 0000 

0 0000 
0 0000 

0 0335 
0 0862 

0 0139 
0 0559 

2 7 5  
0 7 9  

1 50 
0 58 

0 000 
0 000 

0 000 
0 000 

- 

2 171 
0 651 

0 938 
0 498 

0 0000 
0 0000 

0 0000 
0 0000 

0 1568 
o oms 

0 3489 
0 0392 

AVERAGES OF UONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES 0 0005 0 0005 0 0004 0 0004 0 0017 
0 0022 0 0014 0 0011 0 0009 0 0008 

STD DEVIATIONS 0 0002 0 0002 0 0002 0 0002 0 0037 
0 0016 0 0008 0 0007 0 0006 0 0004 

1 85 
0 6 4  

1 11 
0 38 

0 000 
0 001 

0 000 
0 003 

2 179 
0 600 

0 Po2 
0 267 

0 0000 
0 0000 

0 0000 
0 0000 

0 2871 
0 0559 

0 4429 
0 0278 

0 0032 
0 0006 

0 0049 
0 0003 





.............................................................................. 

............................................................................. 

** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP WOOEL VERSION 3 03 (31 DECEMBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
.............................................................................. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PRECIPITATION DATA FILE C \HELP3\EVAPSEN\IN\EVAP2 D4 
TEMPERATURE DATA FILE C \HELP3\EVAPSEN\I N\EVAP2 D7 
SOLAR RADIATION DATA FILE C \HELP3\EVAPSEN\IN\EVAP2 Dl3 
EVAPOTRANSPIRATION DATA C \HELP3\EVAPSEN\IN\EVAP2 D11 
SOIL AND DESIGN DATA FILE C \HELP3\EVAPSEN\IN\SECl D10 
OUTPUT DATA FILE C \HELP3\EVAPSEN\WT\SECl 2 OUT 

TIME 13 29 DATE 4/13/95 

............................................................................. 

TITLE W7 EVAP DEPTH SENSITIVETY ANALYSIS FILE SECl 

.............................................................................. 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOU UATER UERE 
COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NLIMBER 53 
THICKNESS = 42 DO INCHES 
POROSITY I 0 4310 voL/wL 
FIELD CAPACITY I 0 0620 voL/voL 
UILTING POINT = 0 0240 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0535 ML/VOL 
EFFECTIVE SAT HYD COND = 0 999999978OOOE 02 Cn/SEC 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 53 

THICKNESS I 1 00 INCHES 
POROSITY - 0 4370 ML/VOL 
FIELD CAPACITY I 0 0620 VOL/mL 
UILTING POINT = 0 0240 W)L/WL 
INITIAL SOIL UATER CONTENT = 0 0620 vol/VOL 
EFFECTIVE SAT HYD COND = 0 999999978000E 02 W S E C  
SLOPE I 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUWBER 53 

THICKNESS I 1 00 INCHES 
POROSITY 0 4370 VOL/voL 
FIELD CAPACITY 0 0620 voL/voL 
UILTING POINT I 0 0240 voL/voL 
INITIAL SOIL UATER CONTENT = 0 4370 voL/voL 

- - 

EFFECTIVE SAT HYD COND = 0 -78000E 02 W S E C  
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

JAN/JUL FEWAUG MR/SEP APR/OCT MY/NOV JUN/DEC - -  _ _  - 
PRECIPITATION 

TOTALS 0 4 6  0 4 8  1 2 2  1 7 3  2 7 5  1 8 5  
1 4 8  1 5 2  1 4 9  0 9 2  0 7 9  0 6 4  

STD DEVIATIONS 0 36 0 25 0 80 1 01 1 50 1 11  
0 8 3  0 9 4  0 6 4  0 6 5  0 5 8  0 3 8  

RUNOFF 

TOTALS 0 002 0 007 0 017 0 000 0 000 0 000 
0 000 0 000 0 000 0 000 0 000 0 001 

STD DEVIATIONS 0008 0023 0 070 0 000 0000 0 ooo 
0 000 0 000 0 000 0 000 0 000 0 003 

EVAPOTRANSPIRATION - 
TOTALS - 0 472 0 425 0 930 1 458 2 124 2 262 

1721 1 3 5 8  1375  0 907 0 660 0 519 

STD DEVIATIONS 0 307 0 262 0 445 0 735 0 990 1 026 
0 876 0 810 0 731 0 536 0 517 0 262 

LATERAL DRAINAGE COLLECTED FROH LAYER 2 

TOTALS 0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 
0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 
0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 0 0449 0 0341 0 0262 0 0439 0 0997 0 2225 
02649 0 1166 00749 00662 00475  00474 

STD DEVIATIONS 0 0398 0 0253 0 0204 0 0480 0 0718 0 2479 
0 1851 0 0431 0 0218 0 0225 - 0  0197 0 0337 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES 0 0005 0 0004 0 0003 0 0005 0 0011 0 0025 
0 0029 0 0013 0 0008 0 0007 0 0005 0 0005 

STD DEVIATIONS 0 0004 0 0003 0 0002 0 0005 0 0008 0 0028 
0 0020 0 0005 0 0002 0 0002 0 0002 0 0004 

I. 
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.............................................................................. 

............................................................................. 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3 03 (31 DECEMBER 1994) ** 
** DEVELOPED BY ENVIROWMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
......................................................................... 
.......................................................................... 

PRECIPITATION DATA FILE C \HELP3\EVAPSEN\IN\EVAP3 04 
TEMPERATURE DATA FILE C \HELP3\EVAPSEN\IN\EVAP3 D7 
SOLAR RADIATIOW DATA FILE C \HELP3\EVAPSEN\IN\EVAP3 D13 
EVAPOTRANSPIRATION DATA C \HELP3\EVAPSEN\IN\EVAP3 D11 
SOIL AND DESIGN DATA FILE C \HELP3\EVAPSEN\IN\SECl D10 
OUTPUT DATA FILE C \HELP3\EVAPSEN\WT\SECl 3 OUT 

TIUE 13 31 DATE 4/13/95 

TITLE 007 EVAP DEPTH SENSITIVETY ANALYSIS FILE SECl 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND S N W  WATER WERE 
- COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATIOW LAYER 

MATERIAL TEXTURE NUMBER 53 
THICKNESS = 42 00 INCHES 
POROSITY = 0 4370 voL/WL 
FIELD CAPACITY = 0 0620 voL/voL 
WILTING POINT I 0 0240 VoL/VoL 
INITIAL SOIL UATER CONTENT = 0 0297 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 999999978OOOE 02 OI/SEC 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 53 

THICKNESS = 1 00 INCHES 
POROS 1 TY - 0 4370 VOL/VOL 
FIELD CAPACITY s 0 0620 voL/VOL 
WILTING POINT - 0 0240 VoL/VOL 
INITIAL SOIL WATER CONTENT = 0 0620 voL/voL 
EFFECTIVE SAT HID CON0 = 0 999999978000E 02 W S E C  
SLOPE = 2 OD PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 53 - THICKNESS - 1 00 INCHES 

POROSITY - 0 4370 VOL/VOL - 0 0620 voL/VOL FIELD CAPACITY 
WILTING POINT - 0 0240 voL/voL 
INITIAL SOIL UATER CONTENT = 0 4370 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 9WW9978000E 02 CH/SEC 

A 
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PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

- 
EVAPOTRANSP LRAT 1 ON 

TOTALS 

STD OEVl AT IONS 

JAN/JUL 

0 46 
1 48 

0 36 
0 8 3  

0 002 
0 000 

0 008 
0 000 

0 443 
1752  

0 287 
o 928 

FEB/AUG 

0 48 
1 52 

0 25 
0 94 

0 007 
0 000 

0 023 
0 000 

0 420 
1 303 

0 247 
0 817 

LATERAL DRAINAGE COLLECTED FROn LAYER 2 

TOTALS 0 0000 0 0000 
0 WOO 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 0 0407 0 0405 
0 2378 0 0677 

STD DEVIATIONS 0 0536 0 0431 
0 1851 0 0543 

CIAR/SEP 

1 22 
1 49 

0 8 0  
0 6 4  

0 016 
0 000 

0 065 
0 000 

0 876 
1 326 

0 448 
0 646 

0 0000 
0 o m  

0 0000 
0 oooo 

0 1172 
00999 

00888 
0 1008 

APR/OCT 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 boo 

1 337 
0 834 

0 719 
0 510 

0 0000 
0 DO00 

0 0000 
0 0000 

0 2781 
0 1538 

0 1411 
0 0742 

MY/NOV 

2 7 5  
0 7 9  

1 50 
0 58 

0 000 
0 000 

0 000 
0 000 

2 O N  
0 616 

0 993 
0 489 

0 0000 
0 0000 

0 0000 
0 0000 

0 3349 
0 om 

0 1528 
0 1007 

AVERAGES OF UONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES 0 OOO4 0 0005 0 0013 0 0031 0 0037 
0 0027 0 0009 0 0013 0 0007 0 0009 

STD DEVIATIONS 0 0006 0 0005 0 0010 0 0015 0 0017 
0 0021 0 0007 0 0012 0 0008 0 0011 

JUN/DEC 

1 8 5  
0 6 4  

1 11 
0 38 

0 000 
0 001 

0 000 
0 003 

2 114 
0 479 

1 060 
0 247 

0 0000 
0oooO 

0 0000 
0 0000 

0 3576 
0 0638 

0 1448 
0 0883 

0 0041 
0 0007 

0 0016 
0 0009 
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.............................................................................. 

........................................................................... 

** HYDROLOGIC EVALUATION OF LANDFILL PERFWMNCE ** 
** HELP HODEL VERSION 3 03 (31 DECEMBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
e* USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
............................................................................. 

PRECIPITATION DATA FILE C \HELP3\EVAPSEN\IN\EVAP4 D4 
TEMPERATURE DATA FILE C \HELP3\EVAPSEN\IN\EVAP4 07 
SOLAR RADIATION DATA FILE C \HELP3\EVAPSEN\IN\EVAP4 Dl3 
EVAPOTRANSPIRATION DATA C \HELP3\EVAPSEN\IN\EVAP4 Dl1 
SOIL AND DESIGN DATA FILE C \HELP3\EVAPSEN\lN\SECl D10 
W T P U T  DATA FILE C \HELP3\EVAPSEN\UJT\SECl 4 OUT 

TIME 13 47 DATE 4/13/95 

.............................................................................. 

TITLE OU7 EVAP DEPTH SENSITIVETY ANALYSIS FILE SECl 

............................................................................. 

-_ 
NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNCU UATER WERE 

COWWTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 53 
THICKNESS = 42 00 INCHES 
POROSITY 0 4370 WL/VOL 
FIELD CAPACITY 0 0620 VOL/WL 
UILTING WIN7 0 0240 WL/VOL 
INITIAL SOIL UATER CONTENT = 0 0571 WL/VOL 
EFFECTIVE SAT HYD COND = 0 999999978000E 02 CM/SEC 

- - - - 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 53 - THICKNESS 1 00 INCHES 

POROSITY 0 4370 wlL/VOL 
FIELO CAPACITY - 0 0620 VoL/VOL 
UILTING POINT 0 0240 VOL/VOL 
INITIAL SOIL UATER CONTENT-= 0 0622 VOL/WL 
EFFECTIVE SAT HYD CWD = 0 999999978000E 02 (W/SEC 
SLOPE - 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 
- 
- 

- 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 53 - THICKNESS 1 00 INCHES 

POROSITY 0 4370 WL/VOL 
FIELD CAPACITY - 0 0620 WL/VOL 
WILTING POINT - 0 0240 WL/VOL 
INITIAL SOIL UATER CONTENT = 0 4370 WL/WL 
EFFECTIVE SAT HYD COND = 0 999999978000E 02 CM/SEC 

- 
- 
- 



A 



JAN/JUL FEB/MIG UAR/SEP APR/OCT MAY/woV JUN/DEC - 
PRECIPITATION - 
TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS - 

STD DEVIATIONS 

0 4 6  0 4 8  1 2 2  1 7 3  2 7 5  1 8 5  
1 4 8  1 5 2  1 4 9  0 9 2  0 7 9  0 6 4  

0 3 6  0 2 5  0 8 0  1 0 1  1 5 0  1 1 1  
0 8 3  0 9 4  0 6 4  0 6 5  0 5 8  0 3 8  

0003 0 007 0 018 0 000 0 OOO 0 QOQ 
0 000 0 000 0 000 0 000 0 000 0 001 

0 008 0 023 0 076 0 000 0 000 0 000 
0 000 0 000 0 000 0 000 0 000 0 003 

0 534 0 458 0 994 1 534 2 174 2 337 
1 SZ8 1373 1 407 0 932 0 740 0 611 

0 330 0 256 0 471 0 703 0 981 1 045 
0 818 0 810 0 741 0 534 0 528 0 285 - 

LATERAL DRAINAGE COLLECTED FROn LAYER 2 

TOTALS QOOOQ QOOOO 00000 QOOOO QOOOO 0OOO0 
Q Q O Q O  00000 QOOOO 00000 00OOO 0OOO0 

STD DEVIATIONS 0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 
0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 

PERWLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 0 0304 0 0263 0 0265 0 0218 0 0369 0 1372 
0 1085 0 0704 0 0515 0 0663 0 0390 0 0336 

STD DEVIATIONS 0 0080 0 0056 0 0061 0 0057 0 0573 0 2917 
0 1656 0 0610 0 0322 0 0221 0 0148 0 0106 

AVERAGES OF WNTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES 0 0003 0 0003 0 0003 0 0002 0 0004 0 0015 
0 0012 0 0008 0 0006 0 0005 0 0004 0 0004 

STD DEVIATIONS 0 0001 0 0001 0 0001 0 0001 0 0006 0 0032 
0 0018 0 0007 0 0004 0 0002 0 0002 0 0001 

............................................................................... 
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.............................................................................. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

n HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE n 
** HELP MODEL VERSION 3 03 (31 DECEMBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
............................................................................ 
.............................................................................. 

PRECIPITATION DATA FILE C \WELP3\EVAPSEN\IN\EVAPS 04 
TEMPERATURE DATA FILE C \HELP3\EVAPSEN\IN\EVAPS 07 
SOLAR RADIATION DATA FILE C \HELP3\EVAPSEN\IN\EVAP5 D13 
EVAPOTRANSPIRATION DATA C \HELP3\EVAPSEN\IN\EVAPS Dll 
SOIL AND DESIGN DATA FILE C \HELP3\EVAPSEN\IN\SECI D10 
WTPUT DATA FILE C \HELP3\EVAPSEN\WT\SECl 5 OUT 

TIME 13 49 DATE 4/13/95 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TITLE OU7 EVAP DEPTH SENSITIVETY ANALYSIS FILE SECl 

NOTE INITIAL llOISTURE CONTENT OF THE LAYERS AND SNW UATER UERE 
COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 53 
THICKNESS = 42 00 INCHES 
POROS I TY I 0 4370 VOL/WL 
FIELD CAPACITY P 0 0620 voL/voL 
UILTING POINT - 0 0240 WL/VOL 
INITIAL SOIL UATER CONTENT = 0 0406 voL/voL 
EFFECTIVE SAT HYO COND = 0 9999999mOOE 02 CM/SEC 

- 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 53 

THICKNESS - 1 00 INCHES 
POROS I TY - 0 4370 VOL/VOL 
FIELD CAPACITY - 0 0620 voL/voL 
UILTING POINT - - 0 0240 voL/voL 
INITIAL SOIL UATER CONTENT = 0 0623 voL/voL 
EFFECTIVE SAT HID COND = 0 99999997800OE 02 W S E C  
SLOPE - 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 53 - THICKNESS - 1 00 INCHES - 0 4370 voL/voL POROS I TY 

FIELD CAPACITY - 0 0620 voL/voL 
UILTING POINT L 0 0240 voL/voL 
INITIAL SOIL UATER CONTENT = 0 4370 WL/VOL 
EFFECTIVE SAT HYD COND = 0 999999978000E 02 W S E C  
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THRUJGH 30 

JAN/JUL FEB/AUG WAR/SEP APR/OCT WAY/NOV JUN/DEC 
* 

PRECIPITATION 

TOTALS 0 4 6  0 4 8  1 2 2  1 7 3  2 7 5  1 8 5  
1 4 8  1 5 2  1 4 9  0 9 2  0 7 9  0 6 4  

STD DEVIATIONS OM 0 2 5  0 8 0  1 0 1  1 5 0  1 1 1  
0 8 3  0 %  0 6 4  0 6 5  0 5 8  0 3 8  

RUNOFF 

TOTALS 0 002 0 007 0 016 0 000 0 000 0 000 
0 000 0 000 0 000 0 QW 0 000 0 001 

STD DEVIATIONS 0 008 0 023 0 066 0 000 0 000 0 000 
0 000 0 000 0 000 0 000 0 000 0 003 

EVAPOJRANSPI RAT ION 

TOTALS 0 460 0 404 0 906 1 410 2 113 2 186 
1 813 1 319 1 368 0 883 0 657 0 503 

STD DEVIATIONS 0 308 0 251 0 455 0 738 1 017 1 035 
0 938 0 817 0 707 0 530 0 528 0 251 

LATERAL DRAINAGE COLLECTED FROn LAYER 2 

TOTALS 0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 
0 0000 0 0000 0 0000 0 0000 0 OW0 0 0000 

STD DEVIATIONS 0 0000 0 0000 0 0000 0 0000 0 0000 0 oo00 
0 0000 0 O W 0  0 0000 0 0000 0 0000 0 0000 

PERCOLATlON/LEAKAGE THROUGH LAYER 3 

TOTALS 0 0336 0 0300 0 0392 0 1074 0 1827 0 2687 
03166 0 09% O M 6 1  00657 0 0462 0 0386 

STD DEVIATIONS 0 0305 0 0248 0 0417 0 0899 0 0899 0 1741 
- 0 1880 0 0386 0 0414 0 0373 0 0444 0 0382 

AVERAGES OF UONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES 0 0004 0 0004 0 0004 0 0012 0 0020 0 0027 
0 0035 0 0011 0 0007 0 0007 0 0005 0 0004 

STD DEVIATIONS 0 0003 0 0003 0 0004 0 0010 0 0010 0 0019 
0 0020 0 0004 0 0005 0 0004 0 0005 0 0004 



1 



** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSIOW 3 03 (31 DECEMBER 1994) .* 
** USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 

** DEVELOPED BY ENVIRONMENTAL LABORATORY a* 

................................................................................... 

PRECIPITATION DATA FILE C \HELP3\EVAPSEN\IN\EVAP6 D4 
TEMPERATURE DATA FILE C \HELP3\EVAPSEN\IN\EVAP6 07 
SOLAR RADIATION DATA FILE C \HELP3\EVAPSEN\IN\EVAP6 D13 
EVAPOTRANSPIRATIOW DATA C \HELP3\EVAPSEN\IN\EVAP6 D11 
SOIL AND DESIGN DATA FILE C \HELP3\EVAPSEN\IN\SECl D10 
OUTPUT DATA FILE C \HELP3\EVAPSEN\OUT\SCl 6 OUT 

TIME 14 38 DATE 4/13/95 

TITLE OUT EVAP DEPTH SENSITIVETY ANALYSIS FILE SEC1 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNW UATER %RE 
CO).IWTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATIW LAYER 

MATERIAL TEXTURE NWBER 53 
THICKNESS = 42 00 INCHES 
POROSITY - 0 4370 VOL/VOL 
FIELD CAPACITY - 0 0620 VOL/VoL 
UILTING POINT - 0 0240 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0929 VOL/w)L 
EFFECTIVE SAT HYD COWD = 0 999999978000E 02 CM/SEC 

- 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NWBER 53 

THICKNESS = 1 00 INCHES 
POROSITY - 0 4370 VOL/VOL 
FIELD CAPACITY - 0 0620 VOL/VOL 
UILTIlPIi POINT - 0 0240 VOL/VoL 
INITIAL SOIL UATER CONTENT = 0 0620 VOL/VOL 
EFFECTIVE SAT HYD COW0 = 0 999999918000E 02 W S E C  
SLOPE 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 
- - 

- 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NWBER 53 - THICKNESS - 1 00 INCHES 

POROS I TY 0 4370 VOL/VOL 
FIELD CAPACITY 0 0620 VOL/VOL 
UILTING POINT - 0 0240 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 4370 VOL/VOL 
EFFECTIVE SAT HYD COND 0 999999978000E 02 CM/SEC 

- 
- 
- 
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............................................................................... 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

JAN/JUL FEB/AUG IUR/SEP APR/OCT CUY/NOV JUN/DEC 

PRECIPITATIN 

TOTALS 0 46 
1 48 

STD DEVIATIONS 0 36 
0 8 3  

RUNOFF 

TOTALS 0 003 
0 000 

STD DEVIATIOWS 0 010 
0 000 

0 48 1 22 
1 52 1 49 

0 25 0 80 
0 9 4  0 6 4  

0 008 0 023 
0 000 0 000 

0 025 0 097 
0 OOO 0 000 

1 7 3  2 7 5  
0 9 2  0 7 9  

1 01 1 50 
0 65 0 58 

0 000 0 000 
0 000 0 000 

0 001 0 000 
0 000 0 000 

1 85 
0 6 4  

1 11 
0 38 

0 000 
0 001 

0OOO 
0 003 

EVAPOTRANSPIRATION 

TOTALS 0 425 0 407 0 899 1 391 1 944 1 747 
1 379 1 221 1 324 0 805 0 612 0 507 

STD DEVIATIONS 0 288 0 206 0464  0 697 0 906 0 965 
0 670 0 763 0 638 0 507 0 475 0 247 

- 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 
0 0000 0 0000 0 0000 0 0000 0 0000 0 OOO0 

STD DEVIATIONS 0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 
0 0000 0 0000 0 0000 0 0000 0 0000 0 oooo 

PERCOLATION/LEAKAGE THROUGH LAYER 3 - 
TOTALS 0 1122 0 0929 0 0836 0 1212 0 4338 0 5457 

0 3452 0 2479 0 1823 0 1683 0 1500 0 1426 

STD DEVIATIOWS 0 0445 0 0413 0 0388 0 1240 0 5534 0 4659 
0 2110 0 1506 0 1507 0 1140 0 0903 0 0754 

AVERAGES OF HOUTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES 0 0012 0 0011 0 0000 0 0013 0 0046 0 0060 
0 0037 0 0027 0 0020 0 0018 0 0017 0 0015 

STD DEVIATIONS 0 0005 0 0005 0 0004 0 0014 0 0059 0 0051 
0 0023 0 0016 0 0017 0 0012 0 0010 0 0008 

............................................................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- 





.............................................................................. 
*t+***tC**t+**8*C**C*******C+************ 

** HYDROLOGIC EVALUATION OF LANDFILL PERFORlUNCE ** 
** HELP MODEL VERSION 3 03 (31 DECEMBER 1994) *t 

** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.............................................................................. 

PRECIPITATION DATA FILE 
TEMPERATURE DATA FILE 
SOLAR RADIATION DATA FILE 
EVAPOTRAMSPIRATION DATA 
SOIL AND DESIGN DATA FILE C \HELP3\EVAPSEN\IW\SECl D10 
OUTPUT DATA FILE C \HELP3\EVAPSEN\OUT\SECl 7 OUT 

C \HELP3\EVAPSEN\IN\EVAP7 D4 
C \HELP3\EVAPSEN\IN\EVAP7 D7 
C \HELP3\EVAPSEN\IN\EVAP7 Dl3 
C \HELP3\EVAPSEN\IN\EVAP7 Dl 1 

TIME 14 40 DATE 4/13/95 

TITLE OU7 EVAP DEPTH SENSIJIVETY ANALYSIS FILE SECl 

.............................................................................. 
-- 

NOTE INITIAL WISTURE CONTENT OF THE LAYERS AND SNOU UATER UERE 
COMPUTED K!S NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 53 
THICKNESS = 42 00 INCHES 
POROSITY - 0 4370 WL/voL 
FIELD CAPACITY - 0 0620 WL/voL 
UILTING POINT - 0 0240 W L / W L  
INITIAL SOIL UATER CONTENT = 0 0697 W L / W L  
EFFECTIVE SAT nro cow0 = o %wm~irsooo~ 02 CCIISEC 

- 
- 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 53 - THICKNESS 1 00 INCHES - 0 4370 WL/voL POROSITY 

FIELD CAPACITY = 0 0620 wK/voL 
UILTING POINT 0 0240 WL/voL 
INITIAL SOIL UATER CONTENT = 0 0620 VOL/WL 
EFFECTIVE SAT HYD COND = 0 999999978000E 02 W S E C  
SLOPE 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 53 - 1 00 INCHES THICKNESS 

POROS 1 TY D 0 4370 VOL/w)L 
FIELD CAPACITY 0 0 0620 VOL/WL 
UI LT I NG POINT - 0 0240 VOL/WL 
INITIAL SOIL UATER CONTENT = 0 4370 WL/KiL 
EFFECTIVE SAT HYD COND = 0 999999978000E 02 CII/SEC 



SIATIUI UTITUDE = 39 77 DEGREES 



............................................................................... 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THRWGH 30 

PRECIPITATION -- - -- 
TOTALS 

STD OEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

- 
STO DEVIATIONS 

JAN/JUL 

0 4 6  
1 48 

0 36 
0 8 3  

D 003 
0 000 

0 009 
0 000 

0 4% 
1 517 

0 269 
0 782 

FEB/AUG IUR/SEP 

0 48 
1 52 

0 25 
0 94 

0 008 
0 000 

0 024 
0 000 

0 422 
1 192 

0 192 
0 804 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 0000 0 DO00 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

PERCOLATIOWLEAKAGE THROUGH LAYER 3 

TOTALS 0 0418 0 0332 
0 1694 0 1152 

STD DEVIATIONS 0 0145 0 0102 
0 1619 0 0651 

1 22 
1 49 

0 80 
0 6 4  

0 020 
0 000 

0 083 
0 000 

0 8 8 3  
1579  

0 432 
0 769 

0 0000 
0 WOO 

0 0000 
0 0000 

0 0323 
0 0799 

0 0090 
0 0413 

APR/OCT 

1 7 3  
0 92 

1 01 
0 65 

0 000 
OOOO 

0 000 
0 000 

1 488 
0 850 

0 699 
0 525 

0 0000 
0 0000 

0 0000 
0 0000 

0 0272 
0 0763 

0 0070 
0 0543 

MAY/NOV 

2 7 5  
0 7 9  

1 50 
0 58 

0 000 
0 000 

0 000 
0 000 

2 220 
0 638 

0 916 
0 480 

D 0000 
0 0000 

0 0000 
0 0000 

0 1114 
0 0594 

0 2458 
0 0291 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) - 
DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES 0 0004 0 0004 0 0003 0 0003 0 0012 
o ooia o 0012 o 0009 o 0008 o 0007 

STD DEVIATIONS 0 0002 0 0001 0 0001 0 0001 0 0026 
0 0017 0 0007 0 0005 0 0006 0 0003 

JUN/DEC 

1 85 
0 6 4  

1 11 
0 3 8  

0 000 
0 001 

0 000 
0 003 

2 400 
0 600 

1 028 
0 254 

0 0000 
0 0000 

0 0000 
0 0000 

0 2199 
0 0491 

0 3847 
0 0201 - 

0 0024 
0 0005 

0 0041 
0 0002 



0 2149 
0 8131 
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.............................................................................. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

** HYDROLOGIC EVALUATION OF LANDFILL PERFORCUNCE ** 
** HELP naOEL VERSION 3 03 (31 DECEMBER 1994) ** 
** DEVELOPED BY ENVIROWMENTAL LABORATORY ** 
** USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTIW ENGINEERING LABORATORY ** 
........................................................................... 

PRECIPITATION DATA FILE C \HELP3\evapsen\in\EVAP1 04 
TEMPERATURE DATA FILE C \HELP3\wapsen\in\EVAPl 07 
SOLAR RADIATION DATA FILE C \HELP3\evapscn\in\EVAPl Dl3 
EVAPOTRANSPIRATION DATA C \HELP3\evspsen\in\EVAPl Dl1 
SOIL AND DESIGN DATA FILE C \HELP3\evapm\in\SEC2 D10 
OUTPUT DATA FILE C \HELP3\evapen\out\SEC2 1 OUT 

TIME 15 12 DATE 4/13/95 

TITLE OU7 EVAP DEPTH SENSITIVETY ANALYSIS FILE SECZ 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOU WATER UERE 
COWWTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE WUWBER 53 
THICKNESS = 36 00 INCHES 
POROSITY 0 4370 VOL/VOL 
FIELD CAPACITY 0 0620 VOLrnL 
UILTING POINT - 0 0240 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0123 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 999999918000E 02 CII/SEC 

- - 
- 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 53 

THICKNESS = 1 00 INCHES 
POROSITY t 0 4370 VOL/WL 
FIELD CAPACITY 0 0620 WL/WL 
WILTING POINT - L 0 0240 VOL/VOL 
INITIAL SOIL UATER CWTEWT = 0 0620 VOLrnL 
EFFECTIVE SAT HYO COND = 0 999999978000E 02 CU/SEC 
SLOPE I 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 53 - THICKNESS 1 00 INCHES - POROS I TY - 0 4370 VOL/VOL 

FIELD CAPACITY 0 0620 voL/VOL 
WILTING POINT - 0 0240 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 4370 VOL/VOL 

- - 
EFFECTIVE SAT HID COND = 0 999999978000E 02 CM/SEC 

b -- 



t 



PRECIPITATION 

TOTALS 

STO DEVIATIONS 

RUNOFF 

TOTALS 

STO DEVIATIONS 

- 

EVAPOTRANSPIRATIOW 

TOTALS 

STO DEVIATIONS 

JAN/JUL 

0 46 
1 48 

0 36 
0 8 3  

0 003 
0 000 

0 009 
0 000 

0 516 
1 487 

0 2% 
0 765 

FE WAUG 

0 4 8  
1 52 

0 25 
0 94 

0 008 
0 000 

0 026 
0 000 

0 421 
1 2 3 1  

0 202 
0 8 6 0  

LATERAL DRAINAGE COLLECTED FROn LAYER 2 

TOTALS 0 0000 0 0000 
0 0000 0 0000 

STD OEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

PERCOLAT 1 ON/LEAKAGE THROUGH LAYER 3 

TOTALS 0 0401 0 0353 
0 1967 0 1138 

STO DEVIATIONS 0 0199 0 0217 
0 1270 0 0588 

IIAR/SEP 

1 22 
1 49 

0 8 0  
0 6 4  

0 021 
0 000 

0086 
O O O O  

0886  
- 1 549 

0 465 
0 756 

0 0000 
0 0000 

O o o o O  
0 0000 

0 0342 
00888 

0 0172 
0 0705 

APR/OCT 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 524 
0 828 

0 7 2 9  
0 532 

0 0000 
0 0000 

O o o o O  
0 0000 

0 0312 
0 0735 

0 0225 
0 0483 

IIAY/NOV 

2 7 5  
0 7 9  

1 50 
0 58 

0 000 
0 000 

0 000 
0 000 

2 171 
0 651 

0 938 
0 498 

0 0000 
0 0000 

0 OOOO 
0 0000 

0 2155 
0 os83 

0 4292 
0 0356 

AVERAGES OF MONTHLY AVERAGED DAILY HEAOS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES 0 0004 0 0004 0 0004 0 0003 0 0023 
0 0021 0 0012 0 0010 0 0008 0 0006 

STO DEVIATIONS 0 0002 0 0003 0 0002 0 0002 0 0047 
0 0014 0 0006 0 0008 0 0005 0 0004 

JUN/OEC 

1 85 
0 6 4  

1 11 
0 3 8  

0 OW 
0 001 

0 000 
0 003 

2 179 
0 6 0 0  

0 992 
0 267 

0 0000 
0 WOO 

OoooO 
0 0000 

0 3265 
0 0450 

0 6125 
0 0219 

0 0036 
0 0005 

0 0046 
0 0002 

............................................................................... 
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nt**********n**nn***********+r*rrr*** 
*****.************~H**tt+*.*********************~********H**tt+*.******~**************** 

** HYDROLOGIC EVALUATION OF LAUDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3 03 (31 DECEMBER 1994) H 

** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USM WATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
........................................................................... 
.............................................................................. 

PRECIPITATION DATA FILE C \HELP3\EVAPSEN\IN\EVAP2 D4 
TEMPERATURE DATA FILE C \HELP3\EVAPSEN\IN\EVAPZ D7 
SOLAR RADIATION DATA FILE C \HELP3\EVAPSEN\IN\EVAP2 Dl3 
EVAPOTRANSPIRATION DATA C \HELP3\EVAPSEN\IN\EVAP2 D11 
SOIL AN0 DESIGN DATA FILE C \HELP3\EVAPSEN\IN\SEC2 D10 
O U T W T  DATA FILE C \HELP3\EVAPSEN\OUT\SEC2 2 OUT 

TIME 15 27 DAT-E 4/13/95 

.............................................................................. 

TITLE OU7 EVAP DEPTH SENSITIVETY ANALYSIS FILE SEC2 

............................................................................. -_ 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND S N W  WATER WERE 
COMWTED AS NEARLY STEADY STATE VALUES BY THE PROGRAH 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 53 
THICKNESS 36 00 INCHES 
POROSITY I 0 4370 VOL/VOL 
FIELD CAPACITY 0 0620 VOL/voL 
WILTING POINT - 0 0240 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0 0470 VOL/WL 
EFFECTIVE SAT HID CON0 = 0 9999999780008 02 CM/SEC 

- 
- 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 53 

THICKNESS = 1 00 INCHES 
POROSITY 0 4370 VOLIVOL 
FIELD CAPACITY - 0 0620 WL/VOL 
WILTING POHT 0 0240 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0 0620 VOL/VOL 
EFFECTIVE SAT HID CWD = 0 999999978000E 02 CII/SEC 
SLOPE 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 
- - 

- 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
HATERIAL TEXTURE NUMBER 53 - THICKNESS 1 00 INCHES 

POROSITY 0 4370 VOL/voL 
FIELD CAPACITY - 0 0620 w)L/VOL 
WILTING POINT 0 0240 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0 4370 VOL/VOL 
EFFECTIVE SAT HYD CWD 0 999999978000E 02 CM/SEC 

- 
- - 

_- i 



STATIO# LATITUDE = 39 77 D E W  



* 

AVERAGE MONTHLY VALUES 1N INCHES FOR YEARS 1 THROUGH 30 

PRECIPITATION - 
TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STO DEVIATIONS 

JAN/JUL 

0 46 
1 48 

OM 
083 

0 002 
0 000 

0 008 
0 000 

0 472 
1 721 

0 307 
0 876 

FEB/AUG 

0 48 
1 52 

0 25 
0 94 

0 007 
0 000 

0 023 
0 000 

0 425 
1 358 

0 262 
0 810 

- 

LATERAL DRAINAGE COLLECTED FROH LAYER 2 

TOTALS 0 0000 0 0000 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

PERCQLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 0 0366 0 0297 
0 2413 0 0821 

- STD DEVIATIONS 0 0360 0 0291 
0 1701 0 0326 

- 
MAR/SEP - 

1 22 
1 49 

0 80 
064 

0 017 
0 000 

0 070 
0 000 

0 930 
1 375 

0 44s 
0 731 

0 0000 
0 0000 

0 0000 
0 0000 

0 0280 
0 0556 

0 0260 
0 0263 

APR/OCT 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0ooO 

1 458 
0 907 

0 735 
0 536 

0 0000 
0 QOOO 

0 0000 
0 0000 

0 0753 
0 0509 

0 0817 
0 0253 

HAY/NQV 

275 
079 

1 50 
0 58 

0 000 
0 000 

0 000 
0 000 

2 124 
0 660 

0990 
0 517 

0 0000 
0 0000 

0 0000 
0 0000 

0 1510 
0 0384 

0 low 
0 0322 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES 0 0004 0 0004 0 0003 0 0008 0 0016 
0 0026 0 0009 0 0006 0 0006 0 0004 

STD DEVIATIONS 0 0004 0 0003 0 0003 0 0009 0 0012 
0 0018 0 0004 0 0003 0 0003 0 0004 

JIJN/DEC 

1 85 
064 

1 11 
0 38 

0 000 
0 001 

0ooO 
0 003 

2 262 
0 519 

1 026 
0 262 

0 0000 
0 0000 

0 woo 
0 0000 

0 2583 
0 0426 

0 2607 
0 0619 

0 0029 
0 0005 

0 0029 
0 0005 



f 
I 

< - 0 -  ( 03132) 



PRECIPITATION DATA FILE C \HELP3\evapsen\in\EVAP3 D4 
TEMPERATURE DATA FILE C \HELP3\cvapsen\in\EVAP3 07 
SOLAR RADIATION DATA FILE C \HELP3\evapscn\in\EVAP3 Dl3 
EVAPOTRANSPIRATION DATA C \HELP3\evapsen\in\EVAP3 D11 
SOIL AND DESIGN DATA FILE C \HELP3\evapsen\in\SEC2 D10 
OUTPUT DATA FILE C \HELP3\evepsen\out\SEC2 3 OUT 

TIME 15 10 DATE 4/13/95 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNW UATER UERE 
COnPUTED AS NEARLY STEADY STATE VAWES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE N W E R  53 
TH 1 CKNESS = 36 00 INCHES 
POROSITY - 0 4370 WL/VOL 
FIELD CAPACITY - 0 0620 voL/voL 
YILTING POINT - 0 0240 WL/VOL 
INITIAL SOIL UATER CONTENT = 0 0295 voL/VOL 

- 
- 

EFFECTIVE SAT HYD COND = 0 99WX?978000E 02 CII/SEC 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 53 - THICKNESS - 1 00 INCHES 

POROSITY - 0 4370 VOL/VOL 
FIELD CAPACITY - 0 0620 voL/WL 
UILHNG POINT - 0 0240 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0620 voL/voL 
EFFECTIVE SAT HYD COND = 0 999999978000E 02 W S E C  - 2 00 PERCENT SLOPE 
DRAINAGE LENGTH = 500 0 FEET 

- - 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 53 

THICKNESS I 1 00 INCHES 
POROSITY = 0 4370 VOL/VOL 
FIELD CAPACITY - 0 0620 VOL/VOL 
UILTING POINT - 0 0240 w)L/VOL 
INITIAL SOIL UATER CONTENT = 0 4370 VOL/VOL 
EFFECTIVE SAT HID COND = 0 999999978000E 02 CM/SEC 





............................................................................... 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

- 
EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

JAN/JUL 

0 46 
1 48 

0 36 
0 8 3  

0 002 
0 000 

0 008 
0 000 

0 447 
1 895 

0 298 
0 935 

- 

FEWAUG - 

0 48 
1 52 

0 25 
0 94 

0 007 
0 000 

0 023 
0 000 

0 417 
1 331 

0 250 
0 818 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 0000 0 0000 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

PERCOLATION/LEAKAGE THROUGH LAYER 3 - - -  
TOTALS 0 0713 0 0486 

0 1396 0 6177 

STD DEVIATIONS 0 1010 0 04% 
0 1752 0 0536 

WAR/SEP 

1 22 
1 49 

0 80 
0 6 4  

0 016 
0 000 

0 065 
O O O O  

0 892 
1 391 

0 450 
0 691 

0 0000 
0 0000 

0 0000 
0 0000 

0 1518 
0 0279 

0 1040 
0 0502 

APR/OCT 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1367 
0 873 

0 724 
0 519 

0 0000 
0 0000 

0 0000 
0 0000 

0 2201 
0 0282 

0 1379 
0 0502 

MAY/NOV 

2 7 5  
0 7 9  

1 50 
0 58 

0 000 
0 000 

0 000 
0 000 

2 077 
0 649 

1 ow 
0 522 

0 0000 
0 0000 

0 0000 
0 0000 

0 1622 
0 0911 

0 1248 
0 1205 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) - -- - -  - 
DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES 0 0008 0 0006 0 0017 0 0026 0 0018 
0 0015 0 0002 0 0003 0 0003 0 0010 

STD DEVIATIONS 0 0011 0 0006 0 0012 0 0016 0 0013 
0 0019 0 0006 0 0006 0 0006 0 0014 

JUN/DEC 

1 85 
0 6 4  

1 11 
0 3 8  

O O O O  
O O O O  

0 000 
0 003 

2 176 
0 4r7 

1 009 
0 228 

0 0000 
0 0000 

0 0000 
0 0000 

0 2357 
0 1010 

0 1878 
0 0950 

0 0027 
0 0011 

0 0020 
0 0010 



n 

8 1*3 a:. 

0 0191 



PRECIPITATION DATA FILE C \HELP3\evapsen\in\EVAP4 D4 
TEMPERATURE DATA FILE C \HELP3\evapsen\in\EVAP4 D7 
SOLAR RADIATIOW DATA FILE C \HELP3\cvapsen\in\EVAP4 Dl3 
EVAPOTRANSPIRATION DATA C \HELP3\evapsen\in\EVAP4 D11 
SOIL AND DESIGN DATA FILE C \HELP3\cvapsen\in\SECZ D10 
OUTPUT DATA FILE C \HELP3\evapscn\out\SECZ 4 OUT 

TIME 15 15 DATE 4/13/95 

.............................................................................. 

TITLE OU7 EVAP DEPTH SENSITIVETY ANALYSIS FILE SEC2 - 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER E R E  
CU4WTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NLMBER 53 
THICKNESS = 36 00 INCHES 
POROSITY - 0 4370 WL/voL 
FIELD CAPACITY - 0 0620 VOL/VOL 
WILTING POINT = 0 0240 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0 0503 w)L/VOL 
EFFECTIVE SAT HID COND = 0 999999978000E 02 CH/SEC 

- 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 53 - THICKNESS 1 00 INCHES - 

POROS I TY - 0 4370 VOL/WL 
FIELD CAPACITY - 0 0620 VOL/WL 
WILTING POINT - 0 0240 VOL/WL 
INITIAL SOIL WATER CONTENT = 0 0620 VOL/VOL 
EFFECTIVE SAT HID COND = 0 999999978000E 02 CM/SEC 
SLOPE - 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 
- - 

- 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NLMBER 53 - THICKNESS - 1 00 INCHES 

POROS I TY - 0 4370 VOL/VOL 
FIELD CAPACITY - 0 0620 VOL/VOL 
WILTING POINT - 0 0240 voL/WL 
INITIAL SOIL WATER CONTENT = 0 4370 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 999999978000E 02 CW/SEC 

- 
- 

a -  _= J 
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............................................................................... 

AVERAGE WNTHLY VALUES IN INCHES FOR YEARS 1 THRWGH 30 - 

PRECIPITATION 

TOTALS 

STO OEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

- 
STD OEVIATIWS 

JAN/JUL 

0 46 
1 48 

0 3 6  
0 8 3  

0 003 
0 000 

0 008 
0 000 

0 534 
1578 

0 330 
0 818 

FEE/AUG 

0 48 
1 52 

0 25 
0 %  

0 007 
0 000 

0 023 
0 000 

0 458 
1373 

0 254 
0 810 

LATERAL ORAIYAGE COLLECTED FROM LAYER 2 

TOTALS 0 0000 0 0000 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 0 0260 0 0206 
0 1161 0 0575 

STD DEVIATIONS 0 0071 0 0055 
0 1389 0 0607 

IIAR/SEP 

1 22 
1 49 

0 80 
0 6 4  

0 018 
0 000 

0 076 
OOOO 

0 994 
1 407 

0 471 
0 741 

0 0000 
0 0000 

0 0000 
0 0000 

0 0210 
0 0430 

0 0061 
0 0220 

APR/OCT 

173  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 534 
0 932 

0 703 
0 534 

0 0000 
0 0000 

0 0000 
0 0000 

0 021s 
0 0366 

0 0066 
0 0146 

IIAY/NOV 

275 
0 7 9  

1 so 
0 58 

0 000 
0 000 

0 000 
0 000 

2 174 
0 740 

0 981 
0 528 

0 0000 
0 0000 

0 0000 
00000 

0 0709 
0 0289 

0 1335 
00089 

AVERAGES OF WJNTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES 0 0003 0 0002 0 0002 0 0002 0 0008 
0 0013 0 0006 0 0005 0 0004 0 0003 

STD DEVIATIONS 0 0001 0 0001 0 0001 0 0001 0 0014 
0 0015 0 0006 0 0002 0 0002 0 0001 

JUN/DEC -- 

1 85 
0 6 4  

1 11 
0 3 8  

OOOO 
0 001 

0 000 
0003 

2 337 
0 611 

1 045 
0 285 

0 0000 
0 0000 

0 0000 
0 0000 

0 1591 
0 0276 

0 2936 
0 0070 - 

0 0017 
0 0003 

0 0031 
0 0001 

............................................................................... 
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** 
** 

** HYDROLOGIC EVALUATIOW OF LANDFILL PERFORMANCE 
** HELP MODEL VERSION 3 03 (31 DECEWBER 1994) ** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTIW ENGINEERING LABORATORY ** 
****+****2**t*,*+t+******.,*+**********a*******~**********************~U******** 

PRECIPITATION DATA FILE C \HELP3\evapsen\in\EVAP7 04 
TEMPERATURE DATA FILE C \HELP3\evapsen\in\EVAP? D? 
SOLAR RADIATION DATA FILE C \HELP3\evspsen\in\EVAP7 Dl3 
EVAPOTRANSPIRATION DATA C \HELP3\evapsen\in\EVAP7 Dll 
SOIL AND DESIGN DATA FILE C \HELP3\evapsen\in\SEC2 Dl0 
OUTPUT DATA FILE C \HELP3\evapsen\out\SEC2 7 OUT 

TIME 15 5 DATE 4/13/95 

TITLE W 7  EVAP DEPTH SENSITIVETY ANALYSIS FILE SEC2 - 
***.C*****.****H************************************************************* 

NOTE INITIAL IKIISTURE COIITENT OF THE LAYERS AN0 SNW UATER UERE 
CWPUTED AS WEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTORE NUMBER 53 
THICKNESS = 36 00 INCHES 
POROSITY - 0 4370 voL/VOL 
FIELD CAPACITY - 0 0620 VOL/voL 
UILTING POINT - 0 0240 voL/voL 
INITIAL SOIL UATER CONTENT = 0 0645 VOL/voL 
EFFECTIVE SAT HYD CON0 = 0 999599978000E 02 W S E C  

- - 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NWBER 53 

TH 1 CKNESS - 1 00 INCHES_ 
POROSlTY - 0 4370 voL/voL 
FIELD CAPACITY - 0 0620 VOL/voL 
UILTING POINT = D 0240 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0620 voL/voL 
EFFECTIVE SAT HID CON0 = 0 999999978OOOE 02 CW/SEC 
SLOPE - 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NWBER 53 

THICKNESS s 1 00 INCHES 
POROSITY li 0 4370 VOL/VOL 
FIELD CAPACITY D 0 0620 VOL/VOL 
UILTING POINT z 0 0240 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 4370 VOL/voL 
EFFECTIVE SAT HYD COND = 0 999999978000E 02 CW/SEC 

' 0  



5' 



AVERAGE UONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

- 
STD DEVIATIONS 

JAN/JUL 

0 46 
1 48 

0 36 
0 8 3  

0 003 
0 000 

0 009 
0 000 

0 495 
1 517 

0 269 
0 782 

FEWAUG - 

0 48 
1 52 

0 25 
0 94 

0 008 
0 000 

0 024 
0ooO 

0 422 
1 192 

0 192 
0 804 

LATERAL DRAINAGE COLLECTED FROU LAYER 2 

TOTALS 0 0000 0 0000 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 0 0328 0 0261 
0 1722 0 OW7 

STD DEVIATIONS 0 0104 0 0075 
0 1257 0 0496 

IIAR/SEP 

1 22 
1 49 

0 80 
064 

0 020 
0 000 

0083 
0ooO 

0 883 
1579 

0 432 
0 769 

0 0000 
0 0000 

0 0000 
0 0000 

0 0250 
0 0714 

0 0065 
0 0499 

APR/OCT 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 488 
0 850 

0 6 W  
0 525 

0 0000 
0 0000 

0 0000 
0 0000 

0 0217 
0 0637 

0 0058 
0 0450 

MAY/NOV 

2 7 5  
0 7 9  

1 so 
0 58 

0 000 
0ooO 

0 000 
0ooO 

2 220 
0 638 

0 916 
0 480 

0 0000 
0 0000 

0 0000 
0 0000 

0 1556 
0 0477 

0 3372 
0 0221 

AVERAGES OF UONTHLY AVERAGED DAILY HEADS (INCHES) - 
DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES 0 0003 0 0003 0 0003 0 0002 0 0016 
0 0018 0 0011 0 0008 0 OD07 0 0005 

STD DEVIATIONS 0 0001 0 0001 0 0001 0 0001 0 0035 
0 0014 0 0005 0 0006 0 0005 0 0002 

JUN/DEC 

1 85 
064 

1 11 
0 38 

0 000 
0 001 

0 000 
0 003 

2 400 
0 600 

1 028 
0 254 

0 0000 
0 0000 

0 0000 
0 0000 

0 2603 
0 0384 

0 3889 
0 0149 - 

0 0028 
0 0004 

0 0042 
0 0002 

............................................................................... 
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** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP -EL VERSIW 3 01 (14 OCTOBER 1994) ** 
** DEVELOPED BY ENVIROWnENTAL LABORATORY ** 
** USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTIW ENGINEERING LABORATORY ** 
........................................................................... 

PRECIPITATION DATA FILE C \TEMP\HELP3\EVAPSEN\IN\EVAPt D4 
TEMPERATURE DATA FILE C \TEMP\HELPJ\EVAPSEN\IN\EVAP1 07 
SOLAR RADIATION DATA FILE C \TEMP\HELP3\EVAPSEN\IW\EVAPl Dl3 
EVAPOTRANSPIRATION DATA C \TEW\HELP3\EVAPSEN\IN\EVAPl D11 
SOIL AND DESIGN DATA FILE C \TEMP\HELPJ\EVAPSEN\IN\SECJ D10 
OUTPUT DATA FILE C \TEMP\HELP3\EVAPSEN\IN\SEC3 1 GUT 

TIME io a DATE 4 1 1 ~ 9 5  

TITLE Rocky Flats Cover options GU7 File RFC2 5 

.............................................................................. 

NOTE 
- 

INITIAL MOISTURE COWTENT OF TH€ tAYERS AND f N W  UATER E R E  
COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 - VERTICAL PERCOLATIOEI LAYER 

MATERIAL TEXTURE NUneER 7 
THICKNESS = 36 00 INCHES 
POROSITY 0 4730 VOL/w)L 
FIELD UPAC I TY 0 2220 M L / M L  
UILTING POINT 0 lo40 M L / M L  
INITIAL SOIL UATER CONTENT = 0 18% WL/VOL 
EFFECTIVE SAT HYD CON0 = 0 520000001000E 03 W S E C  

- - - 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS WLTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOQ HALT OF EVAPORATIVE ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 20 - THICKNESS - 0 20 INCHES 

POROSITY - 0 8500 VOL/VOL 
FIELD CAPACITY I 0 0100 VOL/VOL 
UILTING POINT 0 0050 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0100 voL/VOL 
EFFECTIVE SAT HYD COND = 10 0000000000 CCI/SEC 
SLOPE 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 

- 

LAYER 3 
TYPE 4 FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS r 0 06 INCHES 
POROS I TY I 0 0000 VOL/voL 
F I ELD CAPACITY 0 0000 ML/voL 
UILTING POINT 0 o m  VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0000 VOLfVOL 
EFFECTIVE SAT HYD COND = 0 199999996000E 12 CM/SEC 
FML PINHOLE DENSITY - 0 50 HOLES/ACRE 
FML INSTALLATION DEFECTS = 2 00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3  GoOD 

- - 

- 



71 50 m,50 * 61 50 52 50 33 50 
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NOTE SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 

............................................................................... 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 
- 
TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

JAW/JUL 

0 46 
1 48 

0 3 6  
0 8 3  

0 003 
0 000 

0009 
0 000 

0 433 
1 478 

0 156 
0 726 

FEB/AUG 

o 48 
1 52 

0 25 
0 94 

0 008 
0 000 

0 024 
0 000 

0 440 
1 158 

0 183 
0 928 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 0140 0 0096 
0 2333 0 1088 

STD DEVIATIONS 0 0461 0 0202 
0 1277 0 0917 

PERCOLATION/LEAKAGE THRWGH LAYER 4 

TOTALS 0 0000 0 0000 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 

UAR/SEP APR/OCT 

1 2 2  1 7 3  
1 49 0 92 

Q ao 1 01 
0 6 4  0 6 5  

0 023 0 000 
0 000 0 000 

0 097 0 001 
0 000 0 000 

0 859 1 511 
1 596 0 854 

0 485 0 803 
0 712 0 550 

0 0168 0 0565 
0 0491 0 0492 

0 0259 _O 0564 
0 0686 0 0654 

0 0000 0 0000 
0 0000 0 0000 

0 woo 0 0000 

UAY/NOV 

2 7 5  
0 7 9  

1 50 
0 58 

0 012 
0 000 

0 046 
0 000 

2 298 
0 644 

1 048 
0 483 

0 2959 
0 0265 

0 3699 
0 0382 

0 0000 
0 0000 

0 0000 

JUN/DEC 

1 85 
0 6 4  

1 11  
0 38 

0 000 
0 001 

0 000 
0 003 

- 

2 156 
0 5% 

1 004 
0 298 

0 3956 
0 0207 

0 3839 
0 0479 

0 0000 
0 0000 

0 0000 
0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES 0 0002 0 0002 0 0002 0 0008 0 0042 0 0058 
0 0033 0 0015 0 0007 0 0007 0 0004 0 0003 

STD DEVIATIONS 0 0007 0 0003 0 0004 0 0008 0 0053 0 0056 
0 0018 0 0013 0 0010 0 0009 0 0006 0 0007 



-- 



.............................................................................. 
W I * t * * Z I N * * * N * * * * * * W * W W * * H *  

** HYDROLOGIC EVALUATIOW OF LANDFILL PERFORMANCE ** 
** HELP UCVEL VERSION 3 01 (14 OCTOBER 1994) w 
** DEVELOPED BY ENVIRONWENTAL LABORATORY ** 
** USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
............................................................................ 
.............................................................................. 

PRECIPITATION DATA FILE C \TEMP\HELP3\EVAPSEN\IW\EVAPZ 04 
TEMPERATURE DATA FILE C \TEHP\HELP3\EVAPSEN\IN\EVAP2 D7 
SOLAR RADIATION DATA FILE C \TEMP\HELP3\EVAPSEN\IN\EVAP2 Dl3 
EVAPOTRANSPIRATION DATA C \TEHP\HELP3\EVAPSEN\IN\EVAP2 Dl1 
SOIL AND DESIGN DATA FILE C \TEHP\HELP3\EVAPSEN\IN\SEC3 D10 
OUTPUT DATA FILE C \TEIIP\HELP3\EVAPSEN\IN\SEC3 2 OUT 

TIME 10 34 DATE 4/14/95 

TITLE Rocky Flats Cover Options OU7 File RFC2 5 

LAYER 1 
TYPE 1 VERTICAL PERCOLATIN LAYER 

MATERIAL TEXTURE W E R  7 
THICKNESS = 36 00 INCHES 
POROSITY I 0 4730 wK/voL 
FIELD CAPACITY I 0 2220 voL/voL 
WILTING POINT I 0 lo40 voL/wK 
INITIAL SOIL UATER CONTENT = 0 1667 VOL/w)L 
EFFECTIVE SAT HID COND = 0 520000001000E 03 W S E C  

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE UYER 
MATERIAL TEXTURE NUMBER 20 - THICKNESS 0 20 INCHES - 0 8500 VOL/VOL POROSITY 

FIELD CAPACITY P 0 0100 VoL/VOL 
U1 LT ING POI NT X 0 0050 voL/VOL 
INITIAL SOIL UATER CONTENT = 0 0287 VOL/WL 
EFFECTIVE SAT HID CON0 = 10 0000000000 W S E C  - 2 00 PERCENT SLOPE 
DRAINAGE LENGTH = 500 0 FEET 

- 

LAYER 3 
TYPE 4 FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS - 0 06 INCHES 
POROSITY - 0 0000 voL/VOL 
FIELD CAPACITY - 0 0000 VOL/VOL 
UILTING POINT - 0 0000 WL/VOL 
INITIAL SOIL UATER CONTENT = 0 0000 WL/voL 
EFFECTIVE SAT HYD CON0 = 0 199999996OoOE 12 CH/SEC 
FML PINHOLE DENSITY - 0 50 HOLES/ACRE 
FHL INSTALLATION DEFECTS = 2 00 HOLES/ACRE 
FML PLACEMENT WALITY = 3  Goo0 

- 

- 

a- s -  
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NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUOE = 39 77 QEGREES 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

JAN/JUL FEB/AUG MAR/SEP APR/OCT UAY/NW JUN/DEC 

PRECIPITATION 

TOTALS 

STD DEVIATIWS 

RUNOFF 
- 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

0 46 
1 48 

0 3 6  
0 8 3  

0 003 
0 000 

0 008 
0 000 

0 393 
0 959 

0 292 
0 481 

0 48 
1 52 

0 25 
0 94 

0 007 
0 000 

0 023 
0 000 

0 401 
0 953 

0 259 
0 653 

LATERAL DRAINAGE COLLECTED FROn LAYER 2 -- 
TOTALS 0 1736 0 0 9 8 6  

0 6292 0 5200 

STD DEVIATIaS 0 1323 0 0959 
0 3086 0 3022 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 0 0000 0 QOOO 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

1 22 
1 49 

0 8 0  
0 6 6  
- 

0 018 
0 000 

0 072 
0 000 

0 736 
0 757 

0 384 
0 321 

0 1279 
0 5590 

OJ 125 
0 3585 

0 0000 
0 0000 

0 0000 
0 0000 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 011 
0 553 

0 600 
0 374 

0 4047 
0 5786 

0 2847 
0 2348 

0 0000 
0 0000 

0 0000 
0 0000 

2 7 5  
079 

1 50 
0 58 

0 008 
0 000 

0 042 
0 000 

1 567 
0 448 

0 803 
0 402 

1 0417 
0 3949 

0 4742 
0 2396 

0 OOOO 
0 0000 

0 0000 
0 0000 

AVERAGES OF WNTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES 0 0025 0 0016 0 0018 0 0071 0 0148 
0 0090 0 0074 0 0082 0 0082 0 0058 

STD DEVIATIONS 0 0019 0 0015 0 0016 0 0042 0 0067 
0 0044 0 0043 0 0053 0 0033 0 0035 

1 85 
0 6 4  

1 11 
0 3 8  

0 000 
0 001 

0 000 
0 003 

- 

1 325 
0 363 

0786 
0 204 

0 8759 
0 3644 

0 5072 
D 2108 

O o o o O  
0 0000 

0 0000 
0 0000 

0 0129 
0 0052 

0 0075 
0 0030 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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** HYDROLOGIC EVALUATIOW OF LANDFILL PERFORMANCE ** 
** HELP -EL VERSI#I 3 01 (14 OETOBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

** 

** 
............................................................................. 
.............................................................................. 

PRECIPITATION DATA FILE C \TEMP\HELP3\EVAPSEN\IN\EVAP4 Db 
TEUPERATURE DATA F I LE C \TEMP\HELP3\EVAPSEN\IW\EVAP4 D7 
SOLAR RADIATION DATA FILE C \TEUP\HELP3\EVAPSEW\IN\EVAP4 D13 
EVAPOTRANSPIRATION DATA C \TEMP\HELP3\EVAPSEW\IN\EVAP4 D11 
SOIL AN0 OESIGM DATA FILE C \TEMP\HELPJ\EVAPSEW\III\SEQ Dl0 
OUTPUT DATA FILE C \TEMP\HELP3\EVAPSEN\OUT\SEC3 4 OUT 

TIME 9 47 DATE 6/14/95 

TITLE Rocky Flats Cover options OU7 File RFC2 5 

.............................................................................. 
-_ 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOU WATER UERE 
COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE W B E R  ? 
THICKNESS = 36 00 INCHES 
POROSITY - 0 4730 VOL/VOL 
FIELD CAPACITY - 0 2220 VOL/VOL 
WILTING POINT - 0 1040 VOL/VOL 
INITIAL SOIL UATER CONTENT 0 1532 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 520000001000E 03 CII/SEC 

- 

NOTE SATURATED HYDRAULIC CWDUCTIVITY IS MULTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 20 

THICKNESS - 0 20 INCHES 
POROSITY 0 0 8500 voL/VOL 
FIELD CAPACITY I 0 0100 VOL/VOL 
UILTING POINT - 0 0050 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0100 VOL/VOL 
EFFECTIVE SAT HYD COWD = 10 0000000000 CW/SEC 
SLWE I 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 

LAYER 3 
TYPE 4 FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS t 0 06 INCHES - 0 0000 VOL/w)L POROS I TY 
FIELD CAPACITY = 0 0000 VOL/VOL 
UILTING POINT 0 0 0000 w)L/VOL 
INITIAL SOIL WATER CONTENT = 0 0000 VoL/VOL 
EFFECTIVE SAT HYD COND = 0 199999996000E 12 W/SEC 
FML PINHOLE DENSITY - 0 50 HOLEWACRE 
FML INSTALLATION DEFECTS = 2 00 HOLES/ACRE 
FUL PLACEMENT QUALITY = 3 Goo0 



-* 

I 



' 0  

NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 

............................................................................ 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

JAN/JUL FEB/AUG 

PRECIPITATION 

TOTALS o 46 o 48 
1 4 8  1 5 2  

STD DEVIATIONS 0 3 6  0 2 5  
0 8 3  0 9 4  

- RUNOFF 

TOTALS 0 002 0 007 
0 000 0 000 

STD DEVIATIONS o ooa o 023 
0 000 0 000 

EVAPOTRANSPIRATION 

TOTALS o soa o 438 
1 358 1 287 

STD DEVIATIOWS o 333 o 248 
o 698 o 872 

LATERAL DRAINAGE COLLECTED FRQM LAYER 2 

YOTALS o oua o 0261 
o 2227 o 1811 

STD DEVIATIONS 0 0513 0 0366 
0 0904- 0 0633 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 0 0000 0 0000 
0 0000 0 WOO 

STD DEVIATIOWS 0 0000 0 0000 
0 0000 0 0000 

WAR/SEP APR/OCT 

1 22 
1 49 

0 8 0  
0 6 4  

o oia 
0 000 

0 075 
0 000 

0 923 
1 229 

0 443 
0 6 6 8  

0 0870 
0 1529 

0 0667 
0 0646 

0 OOOO 
0 0000 

0 0000 
0 0000 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 540 
0 921 

0786  
0 532 

0 1232 
0 1079 

0 0607 
0 o n 0  

O o o o O  
0 0000 

0 0000 
0 OD00 

MAY/NOV 

2 7 5  
0 7 9  

1 50 
o sa 

0 009 
0 000 

OW 
0 000 

2 344 
0 747 

1 097 
0 586 

0 1718 
0 0765 

0 0837 
0 0509 

0 OOOO 
0 0000 

0 0000 
0 0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES 0 0005 0 0004 0 0012 0 0018 0 0024 
0 0032 0 0026 0 0022 0 0015 0 0011 

STD DEVIATIONS 0 0007 0 0006 0 0009 0 0009 0 0012 
0 0013 0 0009 0 0009 0 0010 0 0007 

JUN/DEC 

1 85 
0 6 4  

1 11 
0 3 8  

0 000 
0 000 

0 000 
0 003 

1 928 
0 547 

1 046 
0 262 

0 2662 
0 0746 

0 3126 
00663 

0 0000 
0 0000 

O o o o O  
0 0000 

0 0039 
0 0011 

0 0046 
0 0009 
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.............................................................................. 
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** HYDROLOGIC EVALUATION OF LAWDFILL PERFORMANCE ** 
** HELP CK)[)EL VERSION 3 01 (14 OCTOBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
C t * C * C * * t t + * * * t t * * . t t . . * * * + . t t . t * * * t * t * * * * * * * * * ~ *  

....................................................................... 

PRECIPITATIW DATA FILE C \TEWP\UELP3\EVAPSEN\IW\EVAPS D4 
TEMPERATURE OATA FILE C \TEMP\HELP3\EVAPSEN\IW\EVAPS D7 
SOLAR RADIATION DATA FILE C \TEWP\HELP3\EVAPSEN\IN\EVAP5 D13 
EVAPOTRANSPIRATION DATA C \TENP\HELP3\EVAPSEN\IN\EVAP5 D11 
SOIL AND DESIGN DATA FILE C \TEUP\HELP3\EVAPSEN\IN\SEC3 DlO 
OUTPUT DATA FILE C \TEMP\HELP3\EVAPSEN\Wl\SEC3 5 OUT 

*************t********t*Hlt.tt.tlr*t*t**********************U 

TITLE Rocky Flats Cover Options W7 File RFCZ 5 

t**-****~N*****~**-N*-*~CI~~***U*****~**************** 

-_ 
NOTE INITIAL UOISTURE CONTENT OF THE LAYERS AND SNW UATER UERE 

COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 7 
THICKNESS = 36 00 INCHES 
POROS I TY 0 4730 WL/VOL 
FIELD CAPACITY 0 2220 WL/vOL 
UILTING POINT 0 lo40 WL/VOL 
INITIAL SOIL UATER CONTENT = 0 1681 voL/voL 
EFFECTIVE SAT HYD COWD = 0 520000001000E 03 CCI/SEC 

- - - 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
UTERIAL TEXTURE NUneER 20 

t THICKNESS b 20 INCHES 
POROSITY 1 0 8500 WL/VOL 
FIELD CAPACITY I 0 0100 WL/voL 
UILTING POINT I 0 0050 voL/WL 
INITIAL SOIL UATER CONTENT = 0 0251 VOL/VOL 
EFFECTIVE SAT HID CON0 = 10 0000000000 CCI/SEC 
SLOPE 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 

LAYER 3 
TYPE 4 FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 - THICKNESS 0 06 INCHES 

POROSITY 0 0000 WL/VOL 
FIELD CAPACITY 0 0000 voL/voL 
UILTlNG POINT 0 0000 voL/VOL 
INITIAL SOIL UATER CONTENT = 0 0000 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 199999996000E 12 W/SEC 
FML PINHOLE DENSITY 0 50 HOLES/ACRE 
FWL INSTALLATION DEFECTS = 2 00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3  Goo0 

- 
P - 

- - 



e 

0 6 0  0 0 I 3 3  1 8 0  332 1 7 7  
1 3 9  1 53 1.26 1 24 O M  8 57 



PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

JAN/JUL 

0 4 6  
1 4 8  

0 36 
0 8 3  

- 
0 003 
0 000 

0 008 
0 000 

0 339 
0 787 

0 257 
o 389 

FEE/AOG 

0 48 
1 52 

0 25 
094  

0 007 
0 000 

0 024 
0 000 

0 394 
0 760 

0 249 
0 478 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 1672 0 1000 
0 7640 0 7226 

STD DEVIATIONS 0 1974 0 1022 
0 4571 0 5661 - 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 0 0000 0 0000 
0 0000 0 0000 

STD OEVIATIOWS 0 0000 0 0000 
0 0000 0 0000 

MAR/SEP 

1 22 
1 49 

0 8 0  
0 6 4  

0 017 
0 OW 

0 070 
0 000 

0 607 
0 528 

0 330 
0 236 

0 3095 
0 8105 

0 3079 
0 4604 

0 0000 
0 0000 

0 0000 
0 0000 

APR/OCT MAY/NOV 

1 7 3  2 7 5  
0 9 2  0 7 9  

1 01 1 so 
0 65 0 58 

0 000 0 008 
0 000 0 000 

0 000 - 0 044 
0 000 0 000 

0 667 0 881 
0 312 0 270 

0 363 0 467 
0 206 0 142 

0 9262 1 7819 
0 8381 0 5764 

0 5842 0 8511 
0 35% 0 4170 

0 0000 0 0001 
0 0000 0 0000 

0 0000 0 0003 
0 0000 0 DO00 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES 0 0024 0 0016 0 0044 0 0146 0 1217 
0 0109 0 0103 0 0120 0 0119 0 0085 

STD DEVIATIONS 0 0028 0 0016 0 0044 0 0108 0 3169 
0 0065 0 0081 0 0069 0 0051 0 0061 

JUN/DEC 

1 85 
0 6 4  

1 11 
OM 

0 000 
0 001 

0 000 
0 003 

0 814 
0 340 

0 497 
0 191 

1 2640 
0 3318 

0 7352 
0 2136 

0 DO01 
0 0000 

0 0002 
0 OD00 

0 0643 
0 0047 

0 1410 
0 0030 

k 



c 



PRECIPITATION DATA FILE C \HELP3\evapsen\in\EVAP6 D4 
TEMPERATURE DATA FILE C \HELP3\evapsen\in\EVAP6 D7 
SOLAR RADIATION DATA FILE C \HELP3\evapsen\in\EVAP6 D13 
EVAPOTRANSPIRATION DATA C \HELP3\evapsen\in\EVAP6 D11 
SOIL AND DESIGN DATA FILE C \HELP3\evapsen\in\SEC3 D10 
OUTPUT DATA FILE C \HELP3\evapsn\out\sec3 6 OUT 

TIME 10 59 DATE 6/22/95 

1. 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 7 
THICKNESS = 36 00 INCHES 
POROSITY = 0 4730 voL/VOL 
FIELD CAPACITY I 0 2220 VOL/VOL 
UILTING POINT 0 1040 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 2102 VOL/VOL 

- 
EFFECTIVE SAT HID COND = 0 520000001000E 03 CM/SEC 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAWRATIVE ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
UATERIAL TEXTURE NWBER 20 - 0 20 INCHES - 

IC 0 8500 VOL/VOL 
THICKNESS 
POROSITY 
FIELD CAPACITY - 0 0100 VOL/VOL 
UILTING POINT - 0 0050 VOL/voL 
INITIAL SOIL UATER CONTENT = 0 0100 voL/voL 
EFFECTIVE SAT HYD COND = 10 0000000000 W S E C  
SLOPE - 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 

- 

LAYER 3 
TYPE 4 FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 - THICKNESS - 0 06 INCHES - 0 0000 VOL/voL POROSITY 

FIELD CAPACITY 0 0000 VOL/VOL 
UILTING POINT - 0 0000 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0000 VOL/voL 
EFFECTIVE SAT HYD COND = 0 199999996000E 12 CM/SEC 
FML PINHOLE DENSITY 0 50 HOLEWACRE 
FWL INSTALLATION DEFECTS = 2 00 HOLES/ACRE 

- 
- 

- 

FHL PLACEMENT QUALITY = 3 Goo0 



JIW/JUL FWAUG UAR/SEP 

31 00 3300 37 00 
7t 50 70 50 61 50 

- -  -- 

? 



PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 
- 

TOTALS 

STO DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

JAN/JUL 

0 46 
1 4 8  

0 36 
0 8 3  

0 003 
0 000 

0 010 
0 000 

0 432 
1 447 

0 188 
0 761 

FEB/AUG 

0 48 
1 52 

0 25 
0 %  

0 008 
0 000 

0 024 
0 000 

0 459 
1 187 

0 238 
0 894 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 0559 0 0257 
0 3518 0 2100 

STD DEVIATIONS 0 0947 0 0494 
0 1876 0 1183 

PERCOLATIOWLEAKAGE THROUGH LAYER 4 

TOTALS 0 0000 0 0000 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

WAR/SEP APR/QCT 

1 2 2  1 7 3  
1 49 0 92 

0 80 1 01 
0 6 4  0 6 5  

0 026 0 000 
0 000 0 OW 

0 111 0 001 
0 000 - 0 0 0 0  

0 820 1 374 
1 4 n  0 8 3 9  

0 429 0 787 
0 695 0 557 

0 0207 0 0830 
0 1188  0 0892 

00464 oopoo 
0 1274 0 1115 

ooooo ooooo 
0 0000 0 0000 

0 0000 0 woo 
0 0000 0 0000 

IuY/NOV 

2 7 5  
0 7 9  

1 50 
0 58 

0 014 
0 000 

0 052 
0 000 

2 152 
0 658 

0 996 
0 502 

0 3884 
0 0585 

2,3982 
0 0935 

O o o o O  
0 0000 

0 0000 
0 0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES 0 OD08 0 DO04 0 0003 0 0012 0 0055 
0 0050 0 0030 0 0017 0 0013 0 0009 

STD DEVIATIONS 0 0013 0 0008 0 0007 0 0013 0 0057 
0 0027 0 0017 0 0019 0 0016 0 0014 

JUN/DEC 

1 85 
0 6 4  

1 11 
0 3 8  

0 000 
0 001 

0 000 
0 003 

1 876 
0 571 

1 022 
0 274 

0 5253 
0 0640 

0 4525 
0 0769 

OoooO 
0 0000 

0 0000 
0 0000 

0 0077 
0 0009 

0 0067 
0 0011 





.............................................................................. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

** HYDROLOGIC EVALUATIW OF LANDFILL PERFORMANCE ** 
** HELP WDEL VERSION 3 03 (31 DECEMBER t994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTIW ENGINEERING LABORATORY 

.* 

** 
............................................................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PRECIPITATION DATA FILE C \HELP3\LEAFSEN\IN\LEAFI D4 
TEMPERATURE DATA FILE C \HELPJ\LEAFSEN\IN\LEAFl 07 
SOLAR RADIATION DATA FILE C \HELP3\LEAFSEI\IN\LEAFI 013 
EVAPOTRANSPIRATION DATA C \HELP3\LEAFSEN\IN\LEAFl D11 
SOIL AND DESIGN DATA FILE C \HELP3\LEAFSEN\IW\SECZL D10 
OUTPUT DATA FILE C \HELP3\LEAFSEY\OUT\SECZL 1 OUT 

TIME 11 52 DATE 4/14/95 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TITLE OU7 LEAF AREA INDEX SENSITIVITY ANALYSIS FILE SEC2L 

- 
NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOU UATER UERE 

COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAU 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

CUTERIAL TEXTURE N W E R  53 
THICKNESS = 36 00 INCHES 
POROSITY - 0 4370 voL/voL 
FIELD CAPACITY - 0 0620 VOL/VOL 
UILTING POINT 0 0240 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0470 VOL/voL 
EFFECTIVE SAT HID COND = 0 999999918000E 02 W S E C  

- 
- 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE N W E R  53 - THICKNESS - 1 00 INCHES 

POROS I TY - 0 4370 voL/voL 
FIELD CAPACITY 0 0620 voL/voL 
WILTING POINT = 0 0240 VOL/voL 
INITIAL SOIL UATER CONTENT = 0 0620 VoL/VoL 
EFFECTIVE SAT HID COND = 0 %999997800& 02 Cn/SEC - 2 00 PERCENT SLOPE 
DRAINAGE LENGTH = 500 0 FEET 

- - 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NWBER 53 - THICKNESS 1 00 INCHES 

POROSITY - 0 4370 VOL/VOL 
FIELD CAPACITY - 0 0620 VOL/VOL 
UILTING POINT - 0 0240 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 4370 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 999999918000E 02 CM/SEC 

- - 





............................................................................... 

AVERAGE I40WTHLY VALUES IN INCHES FOR YEARS 1 THRWGH 30 - 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 
- 

TOTALS 

STD DEVIATIWS 

JAN/JUL 

0 46 
1 4 0  

0 3 6  
0 8 3  

0 002 
0 000 

0 008 
0 000 

0 472 
1 721 

0 307 
0 876 

fEB/AUG 

0 48 
1 52 

0 25 
0 94 

0 007 
0 000 

0 023 
0 000 

0 425 
1 358 

0 262 
0 810 

LATERAL DRAINAGE COLLECTED FROH LAYER 2 

TOTALS 0 0000 0 ow0 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

PERCOLATION/LEAKAGE THRWGH LAYER 3 

TOTALS 0 0366 0 0297 
0 2413 0 0821 

STD DEVIATIONS 0 0360 0 0291 
0 1701 0 0326 

MR/SEP APR/OCT 

1 2 2  1 7 3  
1 69 0 92 

0 8 0  1 0 1  
0 6 4  0 6 5  

0 017 0 000 
0 000 0 000 

0 070 0 OOO 
0 000 0 000 

- 

0 930 1 458 
1375  0 9 0 7  

0445  0 735 
0 731 0 536 

0 WOO 0 0000 
0 0000 0 0000 

0 woo 0 0000 
0 0000 0 0000 

0 0280 0 0753 
0 0556 0 0509 

0 0264 0 0817 
0 0263 0 0253 

CuY/#lOV 

2 7 5  
0 7 9  

1 50 
0 58 

0 000 
0 000 

0 000 
0 000 

2 124 
0660  

0990 
0 517 

0 0000 
0 0000 

0 0000 
0 0000 

0 1510 
0 0384 

0 1099 
0 0322 

JUN/DEC 

1 85 
0 6 4  

1 11 
0 3 8  

0 000 
0 001 

0 000 
0 003 

2 262 
0 519 

1 026 
0 262 

- 

0 woo 
0 0000 

0 0000 
0 OOOO 

0 2583 
0 0426 

0 2607 
0 0419 

AVERAGES OF WTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES 0 0004 0 0004 0 0003 0 0008 0 0016 0 0029 
0 0026 0 0009 0 0006 0 0006 0 0004 0 0005 

STD DEVIATIONS 0 0004 0 0003 0 0003 0 0009 0 0012 0 0029 
0 0018 0 0004 0 0003 0 0003 0 0004 0 0005 

............................................................................... 





. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* * l r * ~ t * * * * * * * ~ * * * * * ~ n * * C I . * I . ~  

** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3 03 (31 DECEMBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
*******t+*******tt**lr***********************************n***lr**************** 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PRECIPITATION DATA FILE C \HELP3\LEAFSEN\IN\LEAF2 04 
TEMPERATURE DATA FILE C \HELP3\LEAFSEN\IN\LEAFZ D7 
SOLAR RADIATION DATA FILE C \HELP3\LEAFSEN\IN\LEAFZ Dl3 
EVAPOTRANSPIRATION DATA C \HELP3\LEAFSEN\IN\LEFZ D11 
SOIL AND DESIGN DATA FILE C \HELP3\LEAFSEN\I#\SECZL D10 
OUTPUT DATA FILE C \HELP3\LEAFSEN\WT\SECZL 2 OUT 

TIME 11 54 DATE 4/14/95 

TITLE OU7 LEAF AREA INDEX SENSITIVITY ANALYSIS FILE SECZL 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NOTE INITIAL HOISTURE CONTENT OF THE LAYERS AND SNOU WATER YERE 
COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 53 
THICKNESS = 36 00 INCHES 
POROS 1 TY - 0 4370 VOL/WL 
FIELD CAPACITY - 0 0620 VOL/voL - 0 0240 WL/VOL WILTING POINT 
INITIAL SOIL WATER CONTENT = 0 0463 voL/VOL 
EFFECTIVE SAT HYD COND = 0 995W9978000E 02 CWSEC 

- 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NWBER 53 - THICKNESS 1 00 INCHES 

POROSITY = 0 4370 VoL/WL 
FIELD CAPACITY 0 0620 voL/VOL 
WILTING POINT 0 0240 w)L/VOL- 
INITIAL SOIL WATER CONTENT = 0 0622 voL/voL 
EFFECTIVE SAT HID COND = 0 999999978000E 02 CM/SEC 
SLOPE 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- - 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 53 - THICKNESS 1 00 INCHES 

POROSITY = 0 4370 voL/voL 
FIELD CAPACITY - 0 0620 VOL/WL 
WILTING POINT - 0 0240 w)L/VOL 
INITIAL SOIL WATER CONTENT = 0 4370 VOL/VOL 
EFFECTIVE SAT HID COND = 0 999999978000E 02 CM/SEC 

- - 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

-4.; 





************** ................................................................. 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 - 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIOWS 

EVAPOTRANSPIRATIOW 

TOTALS 

STD DEVIATIONS 

JAN/JUL 

0 4 6  
1 48 

0 36 
0 8 3  

0 DO2 
0 000 

0008 
0 000 

0 471 
1 872 

0 314 
0 812 

FEB/AUG UAR/SEP APR/OCT UAY/NW JUW/DEC 

0 4 6  1 2 2  1 7 3  2 7 5  1 8 5  
1 5 2  1 4 9  0 9 2  0 7 9  0 6 4  

0 2 5  0 8 0  1 0 1  1 5 0  1 1 1  
0 9 4  0 6 4  0 6 5  0 5 8  0 3 8  

0 007 0 0 1 7  0000 0 OW 0000 
0 000 0 000 0 000 0 000 0 001 

0023 0070 0000 0000 0 0 0  
0 000 0 OOO 0 000 0 000 0 003 

- 

0 424 0 939 1 457 2 107 1 944 
1 381 1 401 0 913 0 666 0 520 

0 260 0 446 0 726 0 985 0903 
0 826 0 726 0 541 0 528 0 268 

- 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 
0 0000 0 0000 0 0000 0 0000 0 0000 0 0 0 0  

STD OEVlATlOWS 0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 
0 0000 0 0000 0 0000 0 0000 0 0000 0 OOOO 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 0 0417: 0 0339 0 0324 0 0687 0 1307 0 2258 
0 2732 0 1509 0 0784 0 O R 1  0 0519 0 0457 

STD DEVIATIONS 0 0316 0 0318 0 0299 0 0862 0 0993 0 2499 
0 1824 0 0916 0 0451 0 0367 0 0471 0 0391 

- -  
AVERAGES OF UONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES 0 0004 0 0004 0 0004 0 0008 0 0014 0 0025 
0 0029 0 0016 0 0009 0 0008 0 0006 0 0005 

STD DEVIATIONS 0 0003 0 0004 0 0003 0 0009 0 0011 0 0028 
0 0020 0 0010 0 0005 0 0004 0 0005 0 0004 

‘ 0  

t - % .  



f 



PRECIPITATION DATA FILE C \HELP3\LEAFSEN\IN\LEAF3 D4 
TEMPERATURE DATA FILE C \HELP3\LEAFSEN\IN\LEAF3 D7 
SOLAR RADIATION DATA FILE C \HELP3\LEAFSEN\IN\LEAF3 D13 
EVAPOTRANSPIRATION DATA C \HELP3\LEAFSEN\IN\LEAF3 D11 
SOIL AND DESIGN DATA FILE C \HELP3\LEAFSEN\IN\SEC2L D10 
OUTPUT DATA FILE C \HELP3\LEAFSEW\OUT\SECZL 3 OUT 

TIME 11 56 DATE 4/14/95 

.............................................................................. 

TITLE OU7 LEAF AREA INDEX SENSITIVITY ANALYSIS FILE SEC2L 

*********************.*tl+C*l***** 

- 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOU UATER UERE 
COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRM 

LAYER 1 
TYPE 1 - VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 53 
THICKNESS = 36 00 INCHES 
POROSITY - 0 4370 WL/VOL 
FIELD CAPACITY L 0 0620 voL/VoL 
UILTING POINT = 0 0240 voL/voL 
INITIAL SOIL UATER CONTENT = 0 0481 VOLIVOL 
EFFECTIVE SAT HID WND = 0 9999999TLIOOOE 02 W S E C  

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 53 

TH 1 CKNESS f 1 00 INCHES 
POROSITY - 0 4370 voL/VoL 
FIELD CAPACITY = 0 0620 voL/voL 
UILTING POINT = 0 0240 vcR/WL 
INITIAL SOIL UATER CONTENT = D 0620 VOL/VOL 
EFFECTIVE SAT HYD COND 0 999999978000E 02 CII/SEC 
SLOPE - 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 53 

THICKNESS - 1 00 INCHES 
POROSITY - 0 4370 VOL/VOL 
FIELD CAPACITY - 0 0620 VOL/VOL 
UILTING POINT - 0 0240 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 4370 VOL/WL 
EFFECTIVE SAT HYD COND = 0 99999997800DE 02 CU/SEC 

- 
- 





PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

JAN/JUL 

0 46 
1 48 

036 
083 

0 002 
0 000 

0008 
0 000 

0 475 
1 549 

0 313 
0 821 

- 
FEB/AUG 

0 48 
1 52 

0 25 
0 94 

0 007 
0 000 

0 023 
0 000 - 

0 421 
1 367 

0 257 
0 820 

LATERAL DRAINAGE COLLECTED FROH LAYER 2 

TOTALS 0 QOQQ 0 0000 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

PERCOLATION/LEAKAGE THRWGH LAYER 3 - 
TOTALS 0 0310 0 0263 

0 1704 0 0718 

STD DEVIATIONS 0 0282 0 0266 
0 1116 0 0250 

- 

IUR/SEP 

1 22 
1 49 

0 80 
064 

0 017 
0 000 

0 070 
0 000 

0 940 
1375  

0 445 
0 740 

0 0000 
0 0000 

0 0000 
0 0000 

0 0270 
0 0496 

0 028Q 
0 0154 

APR/OCT 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0ooO 
0 000 

1 461 
0 894 

0 734 
0 528 

0 0000 
0 0000 

0 0000 
0 0000 

0 0689 
0 0472 

0 0787 
0 0258 

IUY/NOV 

2 7 5  
079 

1 50 
0 58 

0 000 
0 000 

0 000 
0 000 

2 154 

JUN/DEC 

1 85 
064 

1 11 
038 

0 000 
0 001 

QOOO 
0 003 

2 442 
0661 - 0 5 3 8  

0996 1 0 8 6  
0 519 0 266 

0 0000 0 QOQQ 
0 0000 D 0000 

0 0000 0 0000 
0 0000 0 0000 

0 1414 0 3244 
0 0304 0 0347 

0 1245 0 3061 
0 0141 0 0332 

AVERAGES OF UONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 3 - - 
AVERAGES 0 OD03 0 0003 0 0003 0 0008 0 0015 0 0036 

0 0019 0 0008 0 0006 0 0005 0 0003 0 0004 

STD DEVIATIONS 0 0003 0 0003 0 0003 0 0009 0 0013 0 0034 
0 0012 0 0003 0 0002 0 0003 0 0002 0 0004 



-L 
# 

1 02314 c 0 415333 m4 a65 6.67252 

i 





- .  

3 



.............................................................................. 

............................................................................ 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP HOWEL VERSION 3 01 (14 OCTOBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
.............................................................................. 
............................................................................ 

PRECIPITATION DATA FILE C \TEUP\HELP3\LEAFSEN\IN\LEAFI D4 
TEMPERATURE DATA FILE C \TEMP\HELP3\LEAFSEN\IN\LEAFl D7 
SOLAR RADIATION DATA FILE C \TEUP\HELP3\LEAFSEN\IN\LEAFl Dl3 
EVAPOTRANSPIRATION DATA C \TEMP\HELP3\LEAFSEN\IN\LEAFl D11 
SOIL AND DESIGN DATA FILE C \TEMP\HELP3\LEAFSEN\IN\SEWL 010 
OUTPUT DATA FILE C \TEMP\HELP3\LEAFSEN\WT\SEQL 1 W T  

TIME 13 54 DATE 4/14/95 

.............................................................................. 

TITLE Rocky Flats Cover Options W 7  F i l e  RFCZ 5 

................................................................................ _ _  

NOTE INITIAL MOISTURE CaWTENT OF THE LAYERS AND S N W  UATER WERE 
COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATIOW LAYER 

MATERIAL TEXTURE NUMBER 7 
THICKNESS = 36 OD INCHES 
POROSITY 0 4730 VOL/VOL 
F 1 EL0 CAPAC I TY - 0 2220 VOL/VOL 
WILTING POINT 0 1040 VOL/VoL 
INITIAL SOIL WATER CONTENT = 0 1667 VOL/VOL 
EFFECTIVE SAT HID COND = 0 520000001000E 03 CM/SEC 

- 
- - 

NOTE SATURATED HYDRAULIC COWDUCTIVITY IS WLTIPUED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 

- MATERIAL TEXTURE NUMBER 20 - THICKNESS 0 20 INCHES 
POROS 1 TY 0 8500 VOL/VOL 
FIELD CAPACITY 0 0100 voL/voL 
WILTING POINT 0 0050 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0287 v(K/VOL 
EFFECTIVE SAT HID COND = 10 0000000000 W S E C  
SLOPE 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- - - 

- 

LAYER 3 
TYPE 4 FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 - THICKNESS - 0 06 INCHES 

POROS I TY 0 0000 voL/VOL 
FIELD CAPACITY 0 0000 VOL/voL 
WILTING POINT 0 0000 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0000 VOL/VOL 

- - - 
EFFECTIVE SAT HYD COND = 0 199999996000E 12 CWSEC - 0 50 HOLES/ACRE FML PINHOLE DENSITY 
FML INSTALLATION DEFECTS = 2 00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3  Goo0 
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NOTE SOLAR RADIATIW OATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR OENVER, COLORADO 

STATION LATITUDE = 39 77 DEGREES 

............................................................................. 

AVERAGE UONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

JAN/JUL FEB/AUG IUR/SEP APR/OCT UAY/NOV JUN/DEC 

PRECIPITATION 

TOTALS 

STD OEVIATIWS 

RUNOFF - 
TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

0 3 6  0 2 5  0 8 0  101 1 5 0  1 1 1  
o l u  0 9 4  0 6 4  0 6 5  0 5 8  0 3 8  

Q 003 o 007 Q oia o ooo o ooa o 000 
0 000 0 000 0 000 0 000 0 000 0 001 

o ooa -0 023 Q on Q 000 Q 042 o ooo 
0 000 0 000 0 000 0 000 0 000 0 003 

0 393 0 401 0 736 1 011 1 567 1 325 
o 959 Q 953 o 757 o 553 o 448 o 363 

0 292 0 259 0384 0 6 0 0  0 003 0706 
o 481 o 653 o 321 D 374 Q 402 o 204 

LATERAL DRAINAGE COLLECTED FRON LAYER 2 

TOTALS Q i n 6  o 0986 Q 1279 04847 10417 08759 
0 6292 0 5200 0 5590 0 5706 0 3949 0 3644 

STO DEVIATIONS 0 1323 0 0959 0 1125 0 2847 0 4742 0 5072 
o 3086 o 3022 o 3585 o 2348 o 23% o 2108 - 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 0 0000 0 0000 0 0000 0 0000 0 0000 0 WOO 
0 0000 0 0000 0 0000 0 OOOO 0 OOOO 0 OOOO 

STD DEVIATfONS 0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 
0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 

AVERAGES OF UUNTHLY AVERAGE0 DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES Q 0025 o 0016 o 0018 o 0071 o 0148 o o m  
Q 0090 o 0074 o 0082 o 0082 o 0058 o 0052 

STD DEVIATIONS 0 0019 0 0015 0 0016 0 0042 0 0067 0 0075 
0 0044 0 0043 0 0053 0 0033 0 0035 0 0030 

............................................................................... 
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.............................................................................. 

............................................................................ 
** HYDROLOGIC EVALUATIW OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3 01 (16 OCTOBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE UATERUAYS EXPERIMENT STATlW ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
............................................................................. 

+***********,**8*C*+***********~*************H**~~*************R********~* 

PRECIPITATION DATA FILE C \TEMP\HELP3\LEAFSEN\lN\LEAFZ D4 
TEUPERATURE OATA FILE C \TEMP\HELP3\LEAFSEN\IN\LEAFZ D7 
SOLAR RADIATION DATA FILE C \TEMP\HELP3\LEAFSEN\IN\LEAFZ Dl3 
EVAPOTRANSPIRATION DATA C \TEHP\HELP3\LEAFSEN\IN\LEAFZ D11 
SOIL AND DESIGN DATA FILE C \TEMP\HELP3\LEAFSEN\IN\SEC3L D10 
OUTPUT OATA FILE C \TEUP\HELP3\LEAFSEN\OUT\SEC3L 2 OUT 

TIHE 12 13 DATE 4/14/95 

............................................................................. 

TITLE Rocky Flats Cover options W7 F i l e  RFCZ 5 

........................................................................... 

-_ 
NOTE INITIAL MOISTURE CONTENT-OF THE LAYERS AND SNCU UATER WERE 

COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAU 

LAYER 1 
TYPE 1 VERTICAL PERCOLATIOU LAYER 

MATERIAL TEXTURE N W E R  7 
THICKNESS = 36 00 INCHES 
POROSITY 0 6730 VOL/VOL 
FIELD CAPACITY - 0 2220 VOL/VOL 
UILTING POINT 0 1040 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0 1478 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 520000001000E 03 W/SEC 

- 
- - 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1 8 0  
FOR ROOT CHANUELS IN TOP HALF OF EVAPORATIVE ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUUBER 20 - THICKNESS - 0 20 INCHES 

FIELD CAPACITY - 0 0100 VOL/VOL 
UILTING POINT - 0 0050 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0 0263 VOL/VOL 
EFFECTIVE SAT HID COWD = 10 0000000000 CM/SEC 
SLOPE = 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

POROSITY 6 0 8500 VOL/VOL - 
- 

LAYER 3 
TYPE 4 FLEXIBLE UEWBRANE LINER 
MATERIAL TEXTURE NWBER 35 - THICKNESS 0 06 INCHES 

POROSITY 0 0000 VOL/VOL 
FIELD CAPACITY 0 0000 VOL/VOL 
WILTING POINT = 0 OOOO VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0000 VOL/voL 
EFFECTIVE SAT HYD COUD = 0 199999996000E 12 CM/SEC 

- - 

- FML PINHOLE DENSITY 0 50 HOLES/ACRE 
FML INSTALLATIDN DEFECTS = 2 00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3  Goo0 
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NOTE SOLAR RADIATIOW DATA WAS SYNTHETICALLY GENERATE0 USING 
COEFFICIENTS FOR OENVER COLORAOO 

STATION LATITUDE = 39 77 DEGREES 

............................................................................... 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

JAN/JUL FEB/AUG CUR/SEP APR/OCT wAY/wW JUN/OEC - -  - ------ 
PRECIPITATION _ _  
TOTALS 0 4 6  0 4 8  1 2 2  1 7 3  2 7 5  1 8 5  

1 4 8  1 5 2  1 4 9  0 9 2  0 7 9  0 6 4  

STD DEVIATIONS 0 %  02s a m  1 0 1  1 5 0  i i i  
0 8 3  0 9 4  0 6 4  0 6 5  0 5 8  0 3 8  

RUNOFF - 
TOTALS 0 002 0 007 0 018 0 000 0 008 0 000 

0 000 0 000 0 000 0 000 0 000 0 001 

STD DEVIATIONS 0 008 0 023 0 073 0 000 0 042 0 000 
0 000 0 000 0 000 0 000 0 000 0 003 

EVAPOTRANSPIRATION 

TOTALS 0 332 0 398 0 603 0 652 0 979 0 871 
0 686 0 592 0 499 0 207 0 271 0 331 

STD DEVIATIONS 0 263 0 252 0 318 0 410 0 4% 0 511 
0 298 0 325 0 268 0 187 0 177 0 189 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 2033 0 1069 0 2569 0 9257 1 6052 1 2842 
0 8626 0 9082 0 8446 0 8701 0 5581 0 3860 

STD DEVIATIONS 0 1825 0 1024 03123 0 5722 07763 07172 
- 0 5117 0 6768 0 4302 0 3809 0 4057 0 2276 

PERCOLATION/LEAKAGE THRUJGH LAYER 4 

TOTALS 0 0000 0 0000 0 0000 0 0000 0 0001 0 0001 
0 0000 0 0000 0 0000 0 0000 0 0000 0 0OOO 

STD DEVIATIONS 0 0000 0 0000 0 0000 0 0001 0 0003 0 0001 
0 0000 0 0001 0 0000 0 0000 0 0000 0 0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES 0 0029 0 0017 0 0037 0 0320 0 1005 0 0360 
0 0120 0 0255 0 0124 0 0124 0 0082 0 0055 

STD DEVIATIONS 0 0026 0 0016 0 0044 0 0747 0 2641 0 0714 
0 0073 0 0740 0 0063 0 0054 0 0060 0 0032 
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PRECIPITATION DATA FILE C \TEMP\HELP3\LEAFSEN\IN\LEAF3 D4 
TEMPERATURE DATA FILE C \TEMP\HELP3\LEAFSEN\IN\LEAF3 D7 
SOLAR RADIATION DATA FILE C \TEMP\HELP3\LEAFSEN\IN\LEAF3 D13 
EVAPOTRANSPIRATIOW DATA C \TEMP\HELP3\LEAFSEN\IN\LEAF3 D11 
SOIL AND DESIGN DATA FILE C \TEMP\HELP3\LEAFSEN\IN\SEC3L D10 
OUTPUT OATA FILE C \TEMP\HELP3\LEAFSEN\OUT\SEC3L 3 OUT 

TIUE 12 36 DATE 4/14/95 

TITLE Rocky Flats Cover Options OU7 File RFC2 5 

............................................................................. 
- 

NOTE INITIAL WISTURE CONTENT OF THE LAYERS AND SNOU UATER M R E  
COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAU 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUM6ER 7 
TH1 CKNESS = 36 00 INCHES 
POROSITY 0 4730 VOL/VOL 
FIELD CAPACITY - 0 2220 voL/voL 
UILTING POINT 0 1040 VOL/WL 
INITIAL SOIL UATER CONTENT = 0 1472 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 520000001000E 03 UII/SEC 

- 
- 
- 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS WLTIPLIED BY 3 63 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 20 - THICKNESS 0 20 INCHES 

POROSITY 0 8500 VOL/VOL 
- FIELD CAPACITY I 0 0100 VOL/VOL 

UILTING POINT L 0 0050 VOL/VOL 
INITIAL SOIL UATER COnTENT = 0 0240 VOL/w)L 
EFFECTIVE SAT HYD COND = 10 0000000000 CM/SEC 
SLOPE = 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 

LAYER 3 
TYPE 4 FLEXIBLE MEM6RANE LINER 
MATERIAL TEXTURE NUMBER 35 - THICKNESS - 0 06 INCHES 

POROSITY - 0 0000 VOL/VOL 
FIELD CAPACITY 0 0000 VOL/VOL 
UILTING POINT - 0 0000 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0000 VOL/VOL 
EFFECTIVE SAT HYD CON0 = 0 199999996000E 12 CM/SEC 
FML PINHOLE DENSITY - 0 50 HOLES/ACRE 
FML INSTALLATION DEFECTS = 2 00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3 GOOD 

- - - 

- 
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NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 

........................................................................... 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS- 

EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIOMS 

JAN/ JUL 

0 46 
1 48 

0 36 
0 8 3  

0 002 
0 000 

0 008 
0 000 

0 448 
1479 

0 305 
0 726 

FEB/AUG 

0 48 
1 52 

0 25 
0 94 

0 007 
0 000 

0 023 
0 000 

0 416 
1 234 

0 253 
0 764 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 0869 0 0566 
0 2760 0 1567 

STD DEVIATIONS 0 0939 0 0708 
0 1443 0 1226 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 0 0000 0 0000 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

MAR/SEP 

1 22 
1 49 

0 8 0  
0 6 4  

0 017 
0 000 

0 070 
0 000 

0 852 
1186 

0 421 
0 523 

0 0854 
0 1634 

0 0618 
0 1351 

0 0000 
0 0000 

0 0000 
0 0000 

APRfOCT MAY/NOV 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 297 
0 781 

0 719 
0 439 

0 2510 
0 2013 

0 1575 
0 1543 

0 0000 
0 0000 

0 0000 
0 0000 

2 7 5  
0 7 9  

1 50 
0 58 

0 009 
0 000 

0 042 
0 000 

2 051 
0 6 0 8  

1 043 
0 493 

0 5743 
0 1686 

0 2849 
0 1451 

0 0000 
0 0000 

0 0000 
0 0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES 0 0012 0 0009 0 0012 0 0037 0 0082 
0 0039 0 0022 0 0024 0 0029 0 0025 

STD DEVIATIONS 0 0013 0 0011 0 0009 0 0023 0 0041 
0 0021 0 0017 0 0020 0 0022 0 0021 

JUN/DEC 

1 85 
0 6 4  

1 1 1  
0 3 8  

0 000 
0 001 

0 000 
0 003 

1 764 
0 456 

0 923 
0 232 

0 5186 
0 1813 

0 3901 
0 1467 

0 0000 
0 0000 

0 0000 
0 0000 

0 0076 
0 0026 

0 0057 
0 0021 

............................................................................... 
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OU 7 Revised Drafi I W I .  DD and Closure Plan 

G 1 Landfill Closure Cost Estimation Requirements 

A detailed cost estimate for landfill closure and for the 30-year post-closure care penod 
is mandated by 40 CFR Parts H 265 142 and 265 144 Subpart H, respectwely The 
numbers must reflect the expenses incurred when hmng a thud party and the dollar 
value at the time o f  the estunate and must be adjusted annually for inflabon, thereafter 

G 2 Cost Estimate Sources 

The cost eamate presented m this secQon is based on the followng sources 

0 Guidance Manual Cost Estimates for Closure and Post-Closure Plans (Subparts G 
and H) EPA #530-SW-86-036, OSWER Policy Directive Number 9476 00-6,1987 

0 Means Building ConstrucQon Cost Data 1994 

0 Vendor quotes 

0 Professional operator expenence 

0 Previous closure actnmes 

The gudance manual is used as a check list to d e t e r n e  the components applicable for 
the cost estimate The relevant actions to be implemented dmng closure are wetland 
mitigation, landfill cover installaQon, gas morutonng, and groundwater morutonng 
Detaded w t s  and frequencies are obtamed from vendors, operator expenence, and 
prewous closure plans 

G 3 Assumptions and Calculations 

Assumptions and calculations are descnbed for the closure penod and the 30-year post- 
closure care penod by uNt Urut costs for components o f  all cover systems are 
provided in Table G-1 Conceptual cost estmates for the remediation options are 
provided in Tables G-2 through G-19 Detaded cost estimates for Alternatives 2, 3, 
and 4 are prowded in Tables G-20 through G-22 

G 3 1 Closure Period 

Assume 6 months for completion and 21 worlung days in a month * 
4 0 7  G- 1 mi96 
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OU 7 Revised Drafi IMIRA DD and Closure Plan 

G 3 1 5 Landfill Cover 

Matenals obmned onsite or offsite w11 vary m cost When such a range exists for the 
vanous cover components, the more conservative u t  cost is selected The 
assumptions associated wth the different cover components are summanzed below 

G 3 I 5 I Vegetative Layer 

0 The fill matenal mll  be obtamed onsite or fiom a nearb offsite source The net fill 
matenal requred vanes fiom 62,200 yd3 to 68,200 yd , dependmg on the gradmg 
fill plan, and the total surface area is 1,296,900 square feet (29 8 acres) wth 
varymg depths across the landfill It is assumed that special preparaQon of thls 
matenal is not requred 

Y 

0 The 36-mch vegetative cover consists of 6 mches of soil on top o f  36 inches of 
soil 

G 3 I 5 2 Lateral-Drainage/Biotic Barrier Layer and Gas-Collection Layer 

The geocomposite layer is a combmation of geotexnles and geonets, sequentially 
heat bonded m the followmg order Thls 
matenal w11 be used for both the gas-collection and drsunage/biobc barner layer 

geotextde, geonet, and geotexhle 

e G 3 I 5 3 Barrier Layer 

The FMC layer made fiom a 30-mil PVC is 0 06 inches h c k  

0 GCL is bentomte between two layers of geotextdes and is 0 1 inches thlck 

0 FMC/GCL layer is a bonded composite of both the FMC and the GCL and is 0 16 
mches h c k  

0 The soil bedding layer is 6 mches o f  soil It is assumed that special preparabon of 
thls matenal is not requred 

0 The low-permeability soil layer is 12 mches h c k  and requires wet table 
conditiomng and compacQon 

0 The 24-inch compacted clay layer requires bentomte additwe followed by wet and 
dry table conditiomngs and compaction 

The RCRA cover area is 919,150 square feet (21 1 acres) The cost per square foot for 
each cover layer is summanzed in Table G-1 

The itemized costs include landfill waste grading and tnm, procurement, and 
installation of each component These costs are based on previous expenence 
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0 Health and Safety (5 percent) 

0 Admmstration (10 percent) 

0 Contingency (1 5 to 25 percent) 

Dmng the closure penod, a survey team supervised by a professional surveyor w11 be 
present to perform actrvitres such as stalung the landfill, venfying the cap is bult to 
specificatrons, and creating topographc maps The data accumulated m h s  process 
w11 be used in the certificatron of closure and survey plat All associated costs such as 
attorney and professional engineer fees are included m thls lump sum 

Contmgency calculabons are based on the method descnbed m the Rocky Flats ERM 
Cost Estmatmg Handbook (DOE 1994) Conceptual cost estmates use a 25-percent 
contmgency Demled cost estmates use a 15-percent contingency 

G 3 2 Post-Closure Care Penod 

G 3 2 1 Present Worth 

The present worth for each cost component is detemned usmg the followmg formula 
The post-closure penod is assumed to be 30 years, however, at any time the post- 
closure penod may be shortened or extended as necessary to protect human health and 
the environment based on mdicators such as groundwater morutonng [6 CCR 1007-3 
Part 265 1 171 Also a 3-percent discount rate was used (per RMRS) Some costs occur 
annually whle others occur penodically (such as replacement costs) 

Present Worth Cost 

where DC = direct annual cost of each component 

i = discount rate (3 percent) 

t = year@) in which the cost occurs Annual costs are summed fiom 1 to 30 years 
Penodic costs are summed for the years in whch the event occurs (1 e well 
replacement costs are incurred in year 20 only) 

G 3 2 2 Landfill Gas Momtonng 

Quarterly samples wl l  be taken fiom the landfill gas momtomg vents costmg $300 per 
sample Forty samples wl l  be taken d u n g  the first year, and hr t y  samples every year 

tpU5 107 1 O\app-g doc G-5 2f9196 
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analysis o f  the site conditions, and gather information Additionally, approximately 
$8,000 wll be allotted for associated costs 

G 3 2 8 Certification o f  Post-Closure 

Assume dmng the post-closure penod an independent professional engineer wll make 
two visits per year, each visit reqwnng six hours Time for travelmg to and from the 
site, inspection, and documentation are mcluded m thls estunate 

2 visitslyear x 6 hourdvisit x 30 years = 360 hours 

Addibonally, four hours wll be requlred for closure review and four hours for f a  
documentation preparation 

G 3 2 9 Indirect Costs 

In addtion to the dnect costs dscussed above, the following is a list o f  the mdmct 
costs The indrect costs are a percentage of total h e c t  annual costs 

AdmiNstration (1 0 percent) 
Contingency (1 5 to 25 percent) 

e 6 4  References 

DOE 1994 Rocky Flats Plant Environmental Restorauon Management Cost 
Estunating Handbook Document Number RFPERM-94-00009 Rev 1 May 

Means 1994 Means Building Construction Cost Data 52nd Annual Edibon R S 
Means Company, Inc angston, Massachusetts 
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GCL 

FMClGCL 

Soil bedding layer 

Low permeabilny soil layer 

Compacted clay 

Table G-1 
Units Costs for Cover System Components 

$ 0 6 5  

$095 

$010 

S 0 50 

$ 1 65 

I CovsrComponmt I Unit Cost Per Square Foot I 

Geocompostte 
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Table 04 

conrbuctkn 
MOBlLEATION I DEMOBILEATION (LUMP SUM) 
SITE PREP ROAD CONSTRUCTION ETC 
LANDFILL SURFACE GRADING AND TRIM 
LANDFILL CAP 
A. PROCURE & PREPARATION 

I FILLMATERIAL 
II VEGETATIVE MATERIAL 
111 TOPSOIL 

I FILL LAYER PLACEMENT 
II VEGETATIVELAYER 
111 TOP SOIL 

I A U U Y E R  SURFACE 
I1 VEGETATIVE LAYER SURFACE 
111 TOP SOlL 

B PLACEMENT 

C TRIM 

D cllyBurkrprocW,&lnbll 
E -procW,&IM(-6GorCdkdkn) 
F VEGETATION 
GorM0nihhg&CdkctknSy8t0111 
SECURITY SYSTEM 
A, CHAINED LINKED FENCE (6' wl3 rburd barbed wim 1U o c ) 
B GATE 3'WlDE GALV STEEL 
C SIGNS (24304 NO POST REFLECTORIZED) 

TOTAL DIRECT CAPITAL COSTS Construction 

M i  
GW MONITORING DURING CLOSURE 
A. WELLS(urs4exidngm#r) 
B SAMPLING 
c ANALmcALcosTs 0 I GROUNDWAlERQUALllY 

I1 QROUNDWATER CONTAMINATION 
111 VALIDATION 

TOTAL DIRECT CAPITAL COSTS Miscelkmou. 

TOTAL DIRECT CAPITAL COSTS 

INDIRECT CAPITAL COSTS 
CERTIFICATION / SURVEY PLAT / SURVEYING (2% d const cor&) 
PROJECTICONSTRUCTlON MANAGEMENT(= d const coltr) 
COMRACTOROllERHEAD&PRoFIT(25%ofcommdbn&) 
CQA (15% dconrtructkn d) 
HEALTH 6 SAFETY (5% dtotd dlr#t cortr) 
ADMINISTRATIVE (10% of tobl direct c#b) 
CONTINGENCY (25% of tobl d i d  cortr) 

TOTAL INDIRECT CAPITAL COSTS 

Ls 
SY 
SY 

CY 
CY 
CY 

CY 
CY 
CY 

SY 
SY 
SY 
SF 
SF 
SF 
Ls 

LF 
EA 
EA 

EA 
EA 

EA 
EA 
EA 

t Wrnato 

1 
133 400 
lo2 100 

62200 
85 loo 
17 000 

62200 
85 100 
17 000 

144 100 
102 100 
102 100 
919 150 

1838300 
1298900 

1 

6000 
1 
12 

$0 
$358 

-1 
S2S 
$52 
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Table 08 
CaDdna 0- D - Con 

COnrtNctkn 

@ MOBlUZATlON / DEMOBILIZATION (LUMP SUM) 
SITEPREP ROADCONSTRUCTlON ETC 
LANDFILL SURFACE GRADING AND TRIM 
LANDFILL CAP 
A. PROCURE & PREPARATION 

I FlLLMATERlAL 
II VEGETATIVE MATERlAL 
111 top SOIL 

I FILL LAYER PUCEMENT 
II VEGETATIVE LAYER 
111 TOP SOIL 

I FILLLAYER SURFACE 
II VEGETATIVE LAYER SURFACE 
111 fop SOlL 

6 PLACEMENT 

C TRIM 

D QCLRocum&lntdl 
E o . o c O m p 1 m & e p I p c u r 6 l l y w ( ~ 6 0 1 1 ~ )  
F VEGETATION 
G 8 8 M o n i b r h g & c 0 t k t b n S ~  
SECURITY SYSTEM 
A, CHAINED LINKED FENCE (6’ w/3 8tf8nd bubed Wire l(r o c ) 
B GATE S W I M  GALV STEEL 
C SIGNS(24”X24 NOPOST REFLECTORIZED) 

TOTAL DtRECT CAPITAL COSTS -Construction 

M i  
Ow MONITORING WRING CLOSURE 
k w E L L s ( ~ 4 ~ w a n 8 )  
B SAMPLING 
c--cQsTs e I GROUNMNATER QUAUM 

II GROUNWAlER CONTAMINATION 
111 VALIDATION 

TOTAL DIRECT CAPITAL COSTS Miscell.mour 

TOTAL DIRECT CAPITAL COSTS 

INDlRECT CAPITAL COSTS 
CERTIFICATION / SURVEY PLAT / SURVEYINQ (2% of cond cortr) 
PROJECT/CONSTRUCllON UNAGEMENl(20%ofcand~0&8) 
CoNTRAcTOR OVERHEAD6 PROFIT(25% dcor#$uc#on d) 
CQ4 (15% d conrbuctkn d) 
H W l H  &SAFElY (5% dtat8l 
ADMINISTRATIVE (10% d tat8l direct &) 
CONTINGENCY (25% of W dhct d) 

TOTAL INMRECT CAPITAL COSTS 

Ls 
SY 
SY 

CY 
CY 
CY 

CY 
CY 
CY 

SY 
SY 
SY 
SF 
SF 
SF 
Ls 

LF 
EA 
EA 

EA 
EA 

EA 
EA 
EA 

! Estimate 

1 
133 400 
lo2 100 

6 2 3 0  
85 100 
17000 

62200 
85100 
17 000 

144 100 
lo2 100 
102 100 
919 150 

1836300 
136900 

1 

6000 
1 
12 

s25oOOo 
$1 00 
$1 

$600 
$400 
$10 00 

$200 
$200 
$200 

$1 00 
$1 00 
$1 00 
$065 
$0 41 
SO 07 

szoo000 

$12 54 
$1 75 
$38 

LS 
Ls 
Ls 
Ls 
Ls 
Ls 
Ls 

0-14 
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Table 08 

COnrtNdkn 
MOBILIZATION I DEMOBILIZATION (LUMP SUM) 
SITE PREP ROAD CONSTRUCTION ETC 
LANDFILL SURFACE GRADING AND TRIM 
LANDFILL CAP 
A. PROCURE & PREPARATION 

I FILLMATERIAL 
II VEGETATIVE MATERIAL 
111 TOPSOIL 

I FILL LAYER PLACEMENT 
II VEGETATIVE LAYER 
111 TOP SOIL 

I FILLLAYER SURFACE 
ll VEGETATIVE LAYER SURFACE 
111 TOP SOIL 

a 

B PLACEMENT 

C TRIM 

D FMclocLcomporl(.Rocwr&I~ 
E G . o c o m p o r l t , R o c w r & I n s t a l l @ n i ~ & ( k r ~ )  
F VEGETATION 
0 . . M o n ~ & c d k c t k n s y r b m  
SECURITY SYSTEM 
A, CHAINED LINKED FENCE (6'wlS 
B GATE SWlDE GALV STEEL 
C SIGNS e 4  X2+ NO POST REFLECTORIZED) 

TotALDlREClCAprrALCOSTS Conrtnrctlon 

krw w h  10' o e ) 

- 
Ow MONITORING DURING CLOSURE 
A. W E L L S ( u u 4 ~ m l k )  
B SAMPLING 

@ 
= E z ~ ~ : U A L l T Y  

II GROUNDWATER CONTAMINATION 
111 VALIDATION 

TOTAL DlRECT CAPITAL COSTS Y l e e d k m  

TOTAL DIRECT CAplTAL COSTS 

INDIRECT CAprrAL COSTS 
CERTIFICATION I SURVEY P U T  I SURVEYING e% dcond cobr) 
PROJECT I CONSTRUCTION MANAGEMENT (zow d conat. coats) 
CONTRACTOR OVERHEAD 6 PROFIT (25% d 
C Q A ( 1 S W d m c o r b )  
HEALTH 6 SAFETY (5% dtdd diml coats) 
ADMINISTRATIVE (10% d tdd dkrd coa51) 
CONTINGENCY @S% d tobl dlmt cotb) 

TOTAL INDIRECT CAPITAL COSTS 

cotb) 

Ls 
SY 
SY 

CY 
CY 
CY 

CY 
CY 
CY 

SY 
SY 
SY 
SF 
SF 
SF 
Ls 

LF 
EA 
EA 

EA 
EA 

EA 
EA 
EA 

t E8Um.k 

1 
133 400 
102 100 

82200 
85 100 
17 OW 

62200 
85 100 
17 000 

144 100 
102 100 
102 100 
919 150 

1838900 
1286900 

1 

6000 
1 
12 

SzSoOW 
$1 00 

$1 

s m  
$400 
$10 a0 

$200 
$200 
$200 

$1 00 
$1 00 
$1 00 
$0096 
$0 41 
$001 

szaooO0 

$12 54 
$1 75 
sse 

$0 
$356 

5491 
3238 
#2 

Ls 
Ls 
Ls 
Ls 
Ls 
Ls 
Ls 
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Table 0-16 

I 

Surface Water Discharge Spte 
I 
DIRECT CAPITAL COSTS Cwutnrctlon 
SURFACE SEEP DISCHARGE 

0wFlowAraaGRvdWI 

TOTAL DlRECT CAPITAL COSTS 
INDIRECT cmAl COSTS 
PRAlECTICONSTRuctloN MANAGEMENT@O%) 
CONTRACTOR OVERHEAD 6 PROFIT (25%) 
CQA (15%) 
HEALTH a SAFETY (5%) 
NPDES Permit A p p l i i  (5%) 
ADMINISTRATWE (10%) 
CONTINGENCY (25%) 

@ A SaepGmwlDmin 

* - 
CY 
CY 

Ls 
Ls 
Ls 
Ls 
Ls 
Ls 
Ls 

ual Cost Win 
QUANTIW 

2 130 
12 800 

te 
UNIT COST 

$15 00 
$15 00 

6 2 8  
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ALTERNATIVE2 -Cost m 
SITE PREP ROAD CO" ETC 

SLIBWRFAE SEEP DISCHARGE 
A SwpGWDrdn  
B SaapRarvAnaEngIfwmmdFWl 
DEWATER PONO 
CoNsOLlDATE SEDIMENRS 

REMOVE EMBANKMENT 

WETLAND MITIGATION 

REROUTE SOUTH DIVERSION DITCH 

LANDFILL SURFACE GRADING AND TRIM 

LANWILL CAP 
A pRocvRE&PREPARATlON 

I FILLMATERIAL 
II VEGETATIVE MATERIAL 
111 TOP SOIL 

I FILLLAYERPLACEMENT 
II VEGETATIVELAYER 
111 top SOIL 

I FILLLAYER SURFACE 
I1 VEGETATIVE LAYER SURFACE 
111 TOP SOIL 

B PLACEMENT 

C TRIM 

D FMCPROCUREalNsrU 
E LOW PERMEABILITY GENERAL FILL 
F G E O C O M W G I E P R O C W Z E ~ I N S T U ( ~ ~ ~ ~ M & ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
G VEGETATION 

GASMONITORING6CWECTlONSYSTEM 

SECURITYSYSTEM 
A, CHAINED LINKED FENCE (& w13 rtnnd bmtmd wrln 1U o e )  
9. GATE 3 WIDE GALV STEEL 
C SIGNS (2470$" No POST RMECTORIZED) 

DlRECTCAMALCOS11 M h d h a o m  
GW MON~~ORING WRING aosmE 
A W E U S ( u c e 4 ~ w l k )  
B SAMPLING t TOTAL DIRECT CAMAL COST8 MbcrN.mous 

ANALMlcALcosTS 
I GRWNMNATERaUALrrY 
II GRouNDIlvArrR CONTAMINATION 
111 vALtmnm 

NOTATION ON PROPERM DEED FINAL CLOSURE 

olwndv 
- m r  - 

LS 

SY 

CY 
CY 

LS 

CY 

CY 

Ac 

LF 
SY 

CY 
CY 
CY 

CY 
CY 
CY 

SY 
m 
SY 
SF 
SF 
SF 
SF 

Ls 

LF 
EA 
EA 

- 
E A  
EA 

EA 
EA 
EA 
Ls 

br = 
1 

133 400 

2 130 
340oo 

1 

4000 

18 9m 

264 

1300 

102 100 

622200 
85 100 
17 OOO 

62200 
85 100 
17 0oo 

144 100 
lo2 100 
lo2 100 
919 150 
919 150 

1838300 
1298900 

1 

6000 
1 

12 

UNrrQDST 

$250 0oo 
$1 00 

$15 00 
SM00 

$20 410 00 

5892 

$5 87 

tso0oo 

sa 
$1 

5800 
$400 
$10 00 

$2 00 
$2 00 
$2 00 

$1 00 
$1 00 
$1 M) 
to 28 
to50 
to 41 
$0 07 

t2ooMK) 

$1 3 
$115 
538 

so 
5400 

ssoo 
t300 
51 00 

$1 000 

7wmRmF 

5250 0oo 
5133 400 

531 950 
tseo0oo 
128 410 

$27 m 
$111 OO0 

$105 WK) 

$10 400 

$102 100 

u73 200 
s340400 
$170 OoO 

$124 400 
$170 200 
u4ooo 

$144100 
$102 loo 
$102 loo 
$267 400 
s4sooo 
$753 800 
tso800 
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OU 7 Revised Drafr IM/IR4 DD and Closure Plan 

H 1 Introduction * 
The closure of the Present Landfill at OU 7 could potentially tngger some ar pollution 
control and pemtting requirements Placement of the cap will require standard 
construction project dust-control measures The final capped facility could potentially 
release regulated quantlties of volatile organic compounds (VOCs) and other regulated 
au pollutants Therefore an evaluation of applicable federal and Colorado regulations 
governing these types of facilities relative to an pemtting was completed 

H 2 Air Pollution Control and Perrmtting 

H 2 1 Construction Project Requrrements 

Colorado Pur Regulatlon No 1 requires new constructlon projects on sites over 1 acre 
in a non-attamment area to implement dust control measures defined in the regulatlons 
Placement of the cap as part of a Comprehensive Environmental Response 
Compensatlon and bability Act (CERCLA) actlon meets the definitlon of new 
constructlon under Regulation No 1 Therefore the requirements for dust control 
would be considered an applicable or relevant and appropnate requirement (ARAR) 
under CERCLA Addtionally unpaved roadways with vehcle traffic of 150 vehcles 
per day (in a non-atmnment area) and haul roads exceeding 40 haul loads or 200 
vehcles per day are required to submt a control and abatement plan descnbing the 
control measures that will be taken to mnimze such fugitive-dust generatlon Some 
standard dust-control measures are provided in Regulation No 1 and include basic 
activities such as applicatlon of dust suppressants, covenng hauled loads and dady 
compaction of the constructlon site that should not greatly impact the planned 
actlvities 

H 2 2 Air Pollution Emission Notices and Permits 

Pur pollution control pemts for sources in Colorado are issued by the Air Pollution 
Control Division of the Colorado Department of Public Health and Environment 
(CDPHE) Requirements are outlined in Colorado h r  Quality Control Comrmssion 
(CAQCC) Regulauon No 3 (Ax Pollution Ermssion Notices, Construction Perrmts and 
Fees, Operaung Perrmts, and including the Prevention of Significant Detenoratlon) 
and include requirements for operating pemts and for prevenoon of significant 
deterioration (PSD) Facilitles subject to these requirements, including any facility or 
actlvity disturbing more than 25 acres must file an Air Pollution Emssion Notice 
(APEN) for each source or group of sources of uncontrolled emssions Facilities that 
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design and other monitonng There are no specific provisions in the RCRA treatment, 
storage and disposal facility (TSDF) regulauons for i r  pollubon controls however 

Based on this regulatory status, no specific landfill i r  pollution control standards apply 
to the landfill at OU 7 

H 3 2 Criteria Pollutants 

The criteria pollutant most likely to trigger pemtting or notification requirements at 
OU 7 is VOCs VOCs are compounds of carbon that parmipate in atmosphenc 
photochemcal reactlvity although the regulatory definition specifically excludes a 
number of volat.de compounds including methane 

The non-methane organic compounds (NMOCs) measured at the site are made up 
largely of VOCs as defined in the regulations and can serve as a surrogate for VOC 
emmion estimates Methods for esumabng NMOC emssions from the landfill are 
descnbed in the proposed federal regulations for MSW landfills 

H 3 2 1 EPA Proposed Standards 

In May of 1991, EPA proposed standards of performance for new MSW landfills and 
emssion guidelines for existmg MSW landfills The rules included a threshold for 
applicability based on estlmated or measured emssions of NMOCs of 150 
Megagrams/year (Mglyr) or approximately 167 tondyear Formulas for estlmatmg 
NMOC emssions were included in the regulatlon and best demonstrated technology 
(BDT) for control of those emssions was descnbed BDT is not provided as a specific 
technology but instead, in terms of reductlon of NMOCs by 98 weight-percent l h s  
standard would apply to both new and existing sources EPA identified several control 
systems that they believed could meet the 98-percent reduction cntenon, including 
actlve collechon and flare systems 

H 3 2 2 NMOC Emssion Calculations 

Formulas for estimating NMOC emssions were presented in the proposed federal 
regulatlon At the inibal level estlmates of NMOC emssions can be made based 
solely on the annual waste acceptance rates at the facdity, without any sampling or 
monitonng data from the site If that prelimnary calculation shows the facility to be 
over the threshold of 150 Mg/yr, then addmonal calculatlons can be made following 
site-specific sampling 
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’. 

total volume placed over the life of the facility Table H-1 presents the results of those 
two estimates 

If estimates of yearly volumes of waste are used the total annual predicted NMOC 
emssions are less than 1 Mg/year, well below the threshold level of 150 Mglyr for the 
MSW proposed regulahons and below the 1 todyr cntena pollutant level necessary to 
tngger an APEN (1 Mg = 1 1 tons) Altemahvely, when the total waste volume 
anucipated in the landfill is used to detemne an average annual acceptance rate, the 
predicted NMOC emssions are approximately 54 Mg/yr, stdl below the MSW 
regulatory trigger level but above the 1 todyr cntena pollutant level 

These eshmates can be compared to the measured NMOC concentrauons from the 
methane survey conducted dumg the Phase I RFYRI at OU 7 (DOE 1994) These 
concentrations varied widely from one part of the landfill to another, with peak 
concentrations as high as 147,000 ppm (mg/L) Even at th~s hlghest recorded 
concentration, however gas emssion rates would need to be approximately 2 800 
htedday to lead to NMOC levels exceedmg the 150 Mg/yr trigger level Most NMOC 
levels measured were well below that peak level 

Based on the more accurate annual waste volume calculmons the facility is not 
expected to exceed either the 1 todyr cntena pollutant level trrggenng an APEN or the 
150 Mg&r level tnggenng coverage under the as yet not promulgated MSW landfill 
requlremen ts 

H 3 3 Hazardous Air Pollutants 

HAP emssions may also tngger APEN and pemtting requirements The methodology 
for detemning applicability of pemtting based on HAPs involves deterrmning whch 
of three scenmos applies to the emssion points, identifyng the type! of HAP by 
reporting ‘bin” and compmng estimated emssion levels to the threshold, or 
deminimis levels defined in the regulauons Because ermssions from the capped 
landfill will occur more than 500 meters from the facility boundary, Scenmo 3 l ints 
are assumed to apply The chemcals listed in the OU 7 Final Work Plan (DOE 1994) 
as being identified dunng soil gas sampling that are included on the HAP lists in 
Regulation No 3 are shown in the Table H-2 along with their reporting bin and the 
de minimis threshold levels of annual emssions 

Soil gas sampling was conducted at several points throughout the landfill to detemne 
concentrations of HAPs Concentrations were reported as ppm (mg/L) but no 
corresponding emssion rates for generated gases were reported HAPs detected at the 
landfill and covered by Colorado A x  Regulabon No 3 are shown in Table H-3 along 
with their corresponding de minimis levels of emssions An estimate of the gas 
emssion rates that would be necessary to exceed the de minimis levels in the 

tpU510710\apph doc H-5 2/9/96 
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Table H-1 
Estimated NMOC E m i o n s  from the Present Landfill 
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I 1  SEDCAD+ Sedimentation Computer Model 

Sedlment yield was detemned for a single storm event (10-year, 24-hour) and 
converted to an annual yield 

The calculations to detemne the storm sedlment yield were performed using the 
SEDCAD+ computer model developed by Civil Software Design 

The SEDCAD+ model detemnes soil loss using the Revised Universal Soil Loss 
Equatlon (RUSLE) with the following input parameters 

Y = ~ ~ X ( V X Q ~ ) ~ ~ ~ X K X L S X C P  

Where 

Y = Sediment yield (tons) 
V = Runoff volume (acre-feet) 
Qp = Peak discharge (cubic feet per second) 
K = Soil erodibility factor 
LS = Representatwe length-slope factor 
CP = Control practlce factor 

The length-slope factor for the RUSLE subroutine is as follows 

Am LS = -x (slope factor) 72 6 

Where 

h = Representatwe slope length (feet) 
m = 0 6 for slope > 10 percent 
m = 0 5 for slope >4 percent and < 10 percent 
m = 0 4 for slope = 4 percent 
m = 0 3 for slope <4 percent 

The slope factor is a piecewise linear relatlonship with the slope breakpoint at 8 percent 
as shown on Figure 5 5, Slope Factor for the RUSLE contined in the SEDCAD+ 
Users Manual 
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I 1 5 Control Practice Factor, CP 

The control practice factor is defined as the ratio of sediment loss from an area with a 
given cover and conservation practice to that of a field in continuous fallow Using the 
tables in SEDCAD the following value was detemned 

Type and Height of Canopy None 
Percent Ground Cover 40 percent 
CP 010  

I 1 5 1 Annual Sedlment Yield Vluurual 

Sediment yields calculated by SEDCAD+ for single storm events can be converted to 
annual yields by the following equation 

Where 

vannual = Annual sedunent yield (tonslyear) 
Rannud = Single storm ramfall factor 
R s t o m  - - Single storm ramfall factor 
Y = Settlement yield for 10-year, 24-hour storm event (tons) 

For a SCS Type II storm 

Where 

p2 6 = 2-year 6-hour precipitatlon in inches =1 6 inches 

Where 

Plo 24 

D 
= 10-year 24-hour precipitation in inches = 3 2 inches 
= Storm Durauon = 24 hours 

tpU510710\appi doc 
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Table 1-1 
Runoff Volume and Peak Dlscharge for the OU 7 Cover 

1 7%SloPes ' SCS Type11 

Medium 

12 7 

81 
C 
Herbaceous (fair) 

19 7 
1 6  
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Soil Loss For Final Cover 

Method SEDCAD (RUSLE) 
Inputs 

Soil Type (45) Flatlrons 
K factor 0 05 (SCS) 

Hyde Type C 

Curve Number (CN) 
Vegetative Type Herbaceous 
Cover F U  
Soil Group C 
CN 81 

Area (measured) 
7 percent Area = 12 7 
6H l V =  12 2 

Control Pracnce (CP) Factor # 

canopy 
Cover 
CP 

Tc 

7 percent Area 
6H 1V 

S-6 1 
S-62 

Ram fall 
1 0-year 24-hour 
2-year 6-hour 

Results 
6H 1V Storm Yield 
Annual Yield 

None 
40 percent 
0 10 (grass) 

Distance 

300 feet 

500 feet 
400 feet 

Slope 

7 percent 

7 percent 
16 6 percent 

3 2 (NOM) 
16(NOAA) 

= 164 tons 
= R annual (storm yield) 

R storm 

R Storm = 27 ( P z , ~ ) ~ ~  = 27 (1 6)22 = 75 9 



= 564 
19.2SxP2 - 19 25x3 22 
Do4672 - 240 4612 Rstorm = 

Annual Yield = - 759 x 1 6 4 = 2 2 1  tonslyear 
56 4 

22 1 
122 

Annual Yield Per Acre = - = 1 8 tondacdyear 

7 percent Storm Yield = 4 8 tons 

Annual Yield = - 759 x 4 8  =65tons/year 
56.4 

Annual Yield Per Acre = - -05tonslacniyear - 
12 7 
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Company Name. ACZ, XNC 
Pilename: b:\TOM\RFLATG\SL6HlV Ueer: TEL 

Date; 06-20-1995 T h e  l5:OO 48 
ROCKY FLATS OU-78 SOIL LOSS 6H IV SMPES 

storm: 3 a0 incheo, 10 year-24 hour, SCS Type If 
Hydrograph Convolution Interval: 0 1 hr 

SBS SWS 
Base- Runoff Peak 

(hrs) (hr8) (cis) (aa-ft) (afe) 
Area CN UHS To K X Flow Volume biachargc 

~ ~ n ~ u ~ u I ~ r n ~ ~ ~ m m m m m n ~ m ~ m m ~ ~ ~ ~ ~ ~  

SUBWATERSHED/STRUCTURE INPVT/OUTPUT TABLE 
I I I I I I n = - . . - L - L = ~ - a n ~ n = = ~ = - = - u = - -  

-Sedimentology- 

SED. Sediment 
SCp. Peak Sodiment Concentration 
SSp: Peak Settleable Concentration 
24VW Volume Weighted Average Settleable Concontration - Peak 24 hours 
24AA Arithmetic Average Settleable Concentration - Peak 24 hours 
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e Civil Software Design -- SEDCAD+ Verdon 3.1 
Copyright (C) 1987-1992. Pamela 3 .  Schwab. A l l  rlghts reserved, 

Company Name. ACZ, INC. 
Fllenamro. D.\TOM\RpLATS\SL7PERCT mer. TEL 

Date. 06-20-1995 T h e .  15 12 47  
ROCKY FLATS OU-7 SOIL LOSS 7 SLOPES 

Hydrograph Convolution Interval. 0.1  hr 

SUBWATERSHED/STRUCmlRE XNPUT/OUTPUT TABLE 

Storm: 3.20 inches, 10 year-24 hour, SCS Type 11 

a 

I I N I . R I I R I I I I l I I l I - I E ~ ~ ~ - - = ~ ~ ~ R M  

-- - ~ - m - m u r n - ~ - - ~ ~ ~ ~ n r n ~ - ~ = ~ =  

-Hydrology- 

R.LePCE------ - , - , ~ L I a - I P P P P L - - = B - - = = ~ - ~ ~ ~ m = =  

SUBWATERSHED/STRUCE INPUT/OUTPUT TABLE 
r ~ I O I I ~ W u P r r = = = - p l l l L I I I ~ I ~ ~ - ~ ~ ~ = I w  

-Sedimentology- . SED. Sediment 
SCp Peak Sediment Concentration 
S8p Peak Settleable Concentration 

24VW: Volume Weighted Average Settleable Concentration - Pedk 24 hol 
24AA. Arithmetic Average Settleable Concentration - Peak 24 hour6 

r5 

x 
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EPNPRC Environmental Management, Inc 
Technical Review of Phase I I M R A  Decision Document for Operable Unit 7 
September 18,1995 @ 

Executive Summary 

The Interim Measures/lnterim Remedial Action (IM/IRA) decision document for Operable Unit (OU) 7 
(OU7DD) provides the basis for closing a portion of OU 7 under the presumptive remedy approach 
Presumptive remedies are preferred technologies for common categories of sites based on historical 
patterns of remedy selection and EPA s scientific and engineenng evaluation of performance data on 
technology implementation (EPA 1993) The objective of the presumptive remedy approach is to 
streamline the site investigation and remedial action selection for sites that fit these Categories The 
OU7DD concludes that the presumptive remedy for landfilIs--containment-will address all pathways with 
the exception of surface water and sediment in the East Landfill Pond and surface soils in the spray 
evaporation areas The OU7DD presents a focused nsk assessment for these pathways and concludes 
that there is no risk above acceptable range associated with these pathways The most senous 
deficiencies identified in the OU7DD are with the methodology and conclusions of the focused risk 
assessment These deficiencies can be grouped as follows 

Comment 1 

Methodologies to evaluate both human health and ecological nsks are unacceptable Several complete 
exposure pathways were not considered in the human health nsk assessment in the OU7DD In addition 
many human health nsk assessment methods do not conform to EPA guidance (EPA 1989 1991a) In 
particular the use of invalidated data and comparison of mean chemical concentrations to applicable or 
relevant and appropriate requirements (ARARs) Unless these deficiencies are corrected risk to human 
receptors may be significantly underestimated The conclusion that there IS no risk to wildlife at the East 
Landfill Pond surface water and sedtments was arbitrary in that it contradicted the results of the focused 
risk assessment for these media and it was based on incorrect water quality standards 

@ 

Response 

For the revised document human health nsks have been evaluated only for the open space exposure 
scenano because this is the anticipated future land use for the area surrounding the landfill as recommended 
by the future Land Use Working Group (DOE 1995) Exposure pathways for occupational scenanos are 
incomplete because industrial development at OU 7 will not be possible due to land use restmtions (deed 
restnctions andor state ordem) after construction of the landfill cap The ecologEal worker scenano was not 
evaluated because the open space scenano is more conservative 

Risks will be recalculated using validated data only (1 e eliminating 1990 data) Mean chemical 
concentrations as well as maximum values and 95 percent upper confidence limts on the means (UCLJ, 
will be compared to applicable or relevant and appropnate requirements (ARARs) in the Draft Final IWRA 
OD If the maximum or UCL, is above an ARAR but the mean is not outlier testing and professional 
judgment will be used to determine contaminants of concern (COCs) 

Only correct water quality standards will be used in the revised document 

Comment 2 

The OU7DD does not discuss where leachate will discharge after construction of the cap and whether it 
will continue to be treated A project is currently underway to install a passive seep collection and 
treatment system The treatment system will be dismantled pnor to cap construction The document 
asserts that capping the landfill will cover the landfill seep (where leachate that has been identified as 0 
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Response 

Based on agreements between DOE €PA and CDPHE the Revised Draft IM/RA DD will recommend 
complete removal of the East Landfill Pond 

This technical review also identifies several landfill design issues These comments highlight aspects of 
design that PRC believes should be reconsidered or closely examined as the presumptive remedy moves 
into the design stage 

1 0 Introduction 

At the request of the U S Environmental Protection Agency (EPA) PRC Environmental Management Inc 
(PRC) has conducted a technical review of the Phase I Interim Measuredlnterim Remedial Action 
(IMARA) Decision Document for Operable Unit 7 (OU 7) at the U S Department of Energy (DOE) Rocky 
Flats Environmental Technology Site (RFETS) OU 7 compnses the following Individual Hazardous 
Substance Sites (IHSSs) the Present Landfill (IHSS 114), the Inactive Hazardous Waste Storage Area 
(IHSS 203) the Pond Area Spray Field (IHSS 167 2) and the South Area Spray Field (IHSS 167 3) The 
IMARA Decision Document for OU 7 (OU7DD) was submitted by Kaiser Hill on behalf of DOE on August 
24 1995 General comments are presented in Section 2 0 General Comments pertain to the document 
as a whole or to multiple sections of the document Specific comments are presented in Section 3 0 
Specific comments are keyed to a particular page paragraph table or figure Where PRC found similar 
problems in several sections of the report a general comment was provided to avoid redundancy 
Typographical and editorial errors within the OU 7 work plan have not been addressed 

2 0 General Comments 

This section presents general comments on the human health nsk assessment (HHRA) the ecological 
0 

risk assessment the landfill design groundwater modeling and applicable or relevant and appropnate 
requirements (ARARs) 

2 1 Human Health Risk Assessment 

Comment 1 

Several parameters used in the exposure calculations should be eliminated because there is insufficient 
supporting information and they could cause the estimated intakes of chemicals of concern (COCs) to be 
significantly underestimated Exposure parameters that should not be used include the matrix effect (ME), 
respirable fraction (RF) and respiratory deposition factor (DF) 

The ME was used to account for decreased absorption of COCs in the gastrointestinal (GI) tract due to 
decreased bioavailability In addition no explanation is provided to support the ME value which is used to 
estimate intake ME factors depend on the specific soil type in the OU At a minimum the soil type on 
which the ME is based should be compared to site specific soil conditions If soil types are dissimilar then 
the ME cannot be used in estimating intakes EPA has previously requested that ME factors be submitted 
for approval prior to use in the risk assessment Until there IS EPA concurrence the ME factor should not 
be used in the exposure equation to estimate risk 

The RF value is used to estimate respirable particles (PM 10) in the air due to fugitive dust emissions from 
surficial soils This relationship however is accounted for in the particulate emission factor (PEF) which 
was used in the exposure equation The RF parameter should be eliminated from the intake factor 
equation Use of the RF value inappropriately decreases exposure concentrations e 
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For the construction worker scenario exposure to subsurface soil is evaluated Surface soils however 
must be contacted in order for subsurface contact to occur Therefore exposure to surface soil through 
inhalation of particulates ingestion and dermal contact should be included in the evaluation of the 
construction worker scenario A mixing model can be used to combine surface and subsurface soils 
Exposure point concentrations for construction workers should be estimated from data aggregated from 0 
to 12 feet below ground surface (bgs) In addition dermal contact and ingestion of seep water are 
complete pathways for construction workers during construction of a drain connecting the leachate seep 
to the pond These pathways should also be included in the quantitative risk assessment 

In the spray evaporation areas receptors who use the open space are the only potential human receptors 
considered If occupational development in these areas is possible nsks to occupational workers and 
construction workers should be evaluated If these receptors are not considered reasons for excluding 
these scenarios should be discussed 

Response 

Construction worker and office worker exposure scenanos will not be evaluated in the Revised Draft IlWlRA 
DD because these scenanos are not applicable for this area 

Inhalation of volatile organic compounds (VOCs) was considered in the open space scenano However 
exposure of human receptors in the open space scenalyo to subsurface soils is an incomplete pathway 

The previous use of the office worker scenano in estimating human health nsk from exposure to groundwater 
was inappropriate After the initial OU 7 nsks had already been computed a new approach was taken 
(dunng IHSS priontization) to address groundwater contaminant concerns in a more reasonable fashion 
Under currently expected land uses and agreed upon exposure scenanos there are no exposures to 
groundwater unless it surfaces in seeps streams or ponds The open space smnano whlch are consistent 
with recommendations from the Future Site Use Working Group (DOE 1995) and ASAP (Kaiser Hill 1996) 
represents the most probable future exposures in the buffer zone Therefore the open space exposure 
scenalyo was chosen in order to conservatively estimate potential nsks to the pubhc from groundwater For 
this evaluation it is assumed that maximum concentratrons of chemcals found in groundwater repmsent the 
highest potential concentrations to whEh an open space user might be exposed at a seep or other surface 
water location For the Revised Draft IM/lRA OD therefore groundwater nsks will be estimated using the 
maximum groundwater concentration in the surface water exposure intake equat!ons for the open space 
receptor The unnamed tnbutary of Walnut Creek (No Name Gulch) is a losing stream year round (see 
response to comment 2 for Executive Summary) 

@ 

Risks to construction workers involved in remediation activities do not need to be evaluated because a site 
specific health and safety plan in conjunction with the activrty hazard analysis would include infomation about 
site contaminants and specific procedures for personal protective equipment and monitonng required for 
construction of the response actron 

Comment 4 

I 

Chemical data from landfill leachate are not validated in this document The appropnate data validator or 
laboratory personnel should be contacted if it is unclear whether the data have been validated (EPA 
1989a) Qualifiers are assigned to data by the laboratory conducting the analyses and the person 
performing the data validation The "B" qualifier attached to the data cannot be assumed to represent 
chemicals present in laboratory blank samples if the data have not been validated For example a "6" 
qualifier attached to organic chemical data by laboratory personnel indicates that the analyte was found in 
the associated blank as well as in the sample The data validator would then determine whether the 
chemical concentration in the site sample was above 10 times the blank concentration (and therefore a 
detect) or below that level (and therefore a nondetect value) Until data are validated the attached 
qualifiers cannot be assumed correct @ 
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receptors in the future It is not clear however where leachate that currently is released at the seep will 
go It appears that it may be collected by a drain system and discharged to the East Landfill Pond If this 
is not the case it is not clear how this would reduce the likelihood of an organism s exposure to the 
contaminants Although the volume of leachate discharged from the landfill IS expected to attenuate over 
time initial discharges would probably be similar to current volumes but to a smaller receiving body 
Conditions at the discharge point would therefore be expected to be similar to the current situation dnd 
overall pond water quality would be expected to be worse The OU7DD should evaluate the effects of 
movement of the leachate discharge point rather than assuming burial of the seep will eliminate leachate 
discharge Ecological risk should be reassessed and all discussions related to discharges of seep and 
pond waters should be reassessed 

Response 

Based on agreements between DOE EPA and CDPHE the Revised Draft IM/lRA DD will recommend 
complete removal of the East Landfill Pond Vanous alternatives will be analyzed to address the leachate 
at the seep Options examined in Chapter 5 include active and passive treatment and discharge to 
surface water and groundwater Based on this evaluation it is detemined that leachate must be treated 
prior to a surface water discharge Leachate discharged to groundwater will meet ARARs at the Point of 
Compliance without treatment 

Under currently expected land uses and agreed upon exposure scenarios there are no exposures to 
groundwater unless it surfaces in seeps streams or ponds The East Landfill Pond will be removed and the 
drainage regraded to prevent seeps No Name Gulch is a losing stream year round so groundwater is not 
expected to surface in the stream (see Executive Summary Comment 2) In addrtlon future development 
of groundwater will be prohibited by institutional controls including deed restnctions and state compliance 
orders a Comment 2 

The OU7DD states that receptors were assumed to use OU7 100 percent of the time in order to develop a 
conservative estimate of nsks At the end of the risk assessment however it was determined that this 
approach was too conservative and the calculated risk was reduced In order to be a usable tool a nsk 
assessment should reflect the most likely site conditions The revision of basic exposure parameters after 
the compilation of risk calculations has the appearance of an arbitrary change designed to reduce risk 
Actual assessment parameters should be defined from the beginning 

Response 

Exposure parameters were not arbitrarily altered to reduce the level of apparent risk Rather, risks 
associated with the tvorst case scenano were clearly presented and the implications of relaxing 
conservative assumptions were discussed 

The ecological portlon of the focused risk assessment was intended to be a screening level evaluation of 
risk The use of conservative assumptions regarding exposure parameters IS appropnate when 
conducting a screening level evaluation (EPA 1994) Conservatism was adopted wherever assumptions 
were needed so that all assumptions would tend to bias results in the same direction (€PA 1994) As a 
result the qualitative interpretation of the results tended to focus on the potential effects of relaxing the 
conservatism in assumptions about factors such as site use bioavailabilw or the number of organisms 
affected 
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Comment 7 

Much of the ecological risk assessment is based on incorrect water quality standards and the assumption 
that covering the seep will eliminate the release of leachate These factors underestimate the ecological 
risk associated with OU7 Ecological risk should be reassessed for all media receptors and PCOCs 

Response 

Only correct state water quality standards will be used in the revised document Stream segment specific 
state water quality standards for radionuclides were developed for protection of human health and are not 
applicable to aquatic life Therefore benchmarks developed specifically for RFETS by scientists at 
Argonne National Laboratory and Oregon State University were used to evaluate the potential for toxic 
exposure of aquatic life 

See response to comment 2 for Ecological Risk Assessment 

Comment 8 

Risk to aquatic life in the East Landfill Pond appears to be minimal based on toxicity studies and the 
presence of organisms that are moderately tolerant of pollution However the species list is not very 
diverse and is largely composed of species that are highly tolerant of polluted environments The basis for 
determination of tolerance should be explained including whether it is related to sewage related 
compounds or metals and nonsewage organic compounds Tolerance of an organism to pollutants is not 
consistent across the range of pollutants Rationale should be provided regarding the apparent paucity of 
species in a 20 year old pond with an apparently consistent water supply 

Response 

As noted previously the recommended alternative in the Revised Draft IM/lRA DO will include elimination 
of the East Landfill Pond and moving the sediments under the landfill cap Therefore the potential 
limitations on the aquatic community due to sediment contaminants in the East Landfill Pond are not an 
issue 

Comment 9 

Ecological effects of contaminated surface and subsoils were not evaluated The effects of contaminants 
on plants and burrowing animals should be evaluated 

Response 

The revised IM/lRA DD will evaluate ecological effects of contaminated surface and subsodace soils 

Comment 10 

The process used to identify PCOCs is not described beyond saying a standard set of criteria including 
professional judgment were used Rationale should be provided for eliminating contaminants 

Response 

See response to comment 4 for Ecological Risk The exposure and risk screens descnbed in Appendix D 
were conducted for all PCOCs identified leachate at the seep (SW097) and surface soil subsurface soils 
and groundwater downgradient of the landfill Selection of PCOCs was not conducted as part of the ERA 
The methodology for identifying PCOCs is specified in Section 2 of the IM/lRA Metals radionuclides and 
indicator parameters with elevated concentrations relative to background as indicated by any one of the @ 
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According to EPA guidance (1989b) a dual component barrier system is desirable because the layers 
complement each other The FMC will tend to roof over the inconsistencies in the underlying 
compacted soils while the compacted soil will tend to significantly impede the flow of any leakage 
through a hole in the overlying FMC (EPA 1989b) In addition placing an FMC above a moist clay 
layer tends to protect the clay from desiccation Finally each component tends to back up the other in 
the event of a failure of either component (EPA 1989b) If there is leakage through a hole in the FMC 
or if the FMC significantly ruptures 24 inches of clay with a hydraulic conductivity of 1E 07 cm/sec 
(Alternative 9) will be more effective than a 12 inch soil layer with a hydraulic conductivity 100 times 
larger (Alternative 7) The Hydrologic Evaluation of Landfill Performance (HELP) model should be 
rerun to determine how well the two soil layers back up" the FMC in the event of failure or slight 
leakage 

Response 

We concur with the EPA guidance documents that recommended a dual-component barner system A 
composite system is the basis for the proposed Alternative (Alternative 7) whEh includes an FMC over a 
low permeability soil However we are concerned that in the long run a highly plastic high moisture 
content clay (Alternative 9) will eventually dry and crack The cracks will form soil irregulanties and 
stress concentrations in the FMC that may result in defects in the FMC Holes in the FMC directly above 
desiccation cracks may result in infiltrating water having a direct conduit to the waste Although this 
cannot be accurately modeled this condhon is considered to be worse than an intact FMC overlying a 
low permeability soil (lxlU' cdsec) that is not cracked 

The HELP analyses that were conducted in support of the selection of Alternative 7 evaluated the 
impacts of expected defects in the FMC for both Alternatives 7 and 9 Recommended defect rates were 
included in the HELP analyses for both alternatives and the results indmted leakage rates of 1 6x10' 
inches (average annual totals) for Alternative 7 and lxlU' inches for Alternative 9 This corresponds to 
0 001 percent of rainfall for Alternative 7 and 0 00007 of rainfall for Alternatrve 9 This is not considered 
to be a large difference 

We concur that if a large defect occm in the FMC that a 1 xla' cm/sec clay will allow considerably more 
water to infiltrate than a 1 x lU' cdsec clay However large defects or ruptures in the cover should not 
occur if a proper construction quality assurance (CQA) program (as recommended by the €PA) is 
implemented dunng construction Large defects aWor ruptures that may occur after construction should 
be observable from the surface dunng normal inspections and could be repaired 

Landfill closure regulations typically require final covers to have hydraulic conductivities less than or 
equal to the hydraulic conductivity of the underlying soils The OU7DD assumes the hydraulic 
conductivity of the weathered bedrock below the landfill to be approximately 1 E 07 cm/sec If there IS 
leakage through a hole in the FMC or if the FMC significantly ruptures the 12 inch soil layer's 
hydraulic conductivity of 1 E 05 cm/sec is not less than the underlying soils as required Therefore 
leakage into the landfill could exceed seepage out resulting in the "bathtub" effect This effect IS 
undesirable because waste can become saturated and produce highly concentrated leachate In 
addition leachate hydraulic heads will increase within the landfill which can increase leakage rates 
out 

Response 

In companng the permeability of the cover system with the permeability of the subsurface we have 
utilized the permeability values for the subsurface that were based on field scale tests and the composite 
permeability of the FMC and the low permeability soil We do not believe that it is appropnate to 
compare the permeability of the low-permeability soil directly below a small defect (1 em in diameter 
considered typical for a good CQA program) and the field scale permeability values As stated above 
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Comment 4 

Alternative 9 includes a gas collection layer directly below the clay layer This configuration may result in 
desiccation of the clay layer The Alternative 9 design should consider a layer placed above the gas vent 
to prevent gases from desiccating the overlying clay 

Response 

The gas collection layers shown in Alternative 7 and Alternative 9 are both located below the soil barner 
component of the cap This is an €PA recommended standard design feature Additionally rt is believed 
that the gas emitted from the waste will have a high moisture content and will not signifcantly promote 
desiccation in either design 

Comment 5 

The three capping alternatives include a 36 inch vegetation layer The rationale for the 36 inch thickness 
should be provided The thickness should be based on factors such as frost depth evaporative zone 
depth expected burrow depth and expected plant root depth 

Response 

The dimensions given on the cover alternatives are preliminary Further refinement of the design layer 
thickness will occur dunng the final design effort where issues such as frost bunal depth evaporative zone 
depth burrowing animal depth and plant mot depth will specifically be addressed 

Comment 6 

The report states that no action alternative will not meet chemical specific ARARs because leachate at the 
seep exceeds four Colorado water quality (CWQ) standards one MCL and two practical quantitation limits 
(PQLs) For the two capping alternatives the only chemical specific ARAR exceedances mentioned are 
associated with surface water (one CWQ standard) and groundwater (one MCL one CWQ and one 
PQL) The leachate exceedances are not discussed Presumably under the capping alternatives the 
blanket drain will discharge leachate at the pond or at some other downgradient location Therefore 
exceedances in ARARs may occur at the seep discharge location under Alternatives 7 and 9 The IM/IRA 
should address this potential noncompliance with ARARs 

e 

Response 

e 

Based on agreements between DOE EPA and CDPHE the Draft Final IM/RA DD will recommend 
complete removal of the East Landfill Pond Various alternatives will be analyzed to address the leachate 
at the seep Options examined in Chapter 5 include active and passive treatment and discharge to 
surface water and groundwater Based on this evaluation it is determined that leachate must be treated 
prior to a surface water discharge Leachate discharged to groundwater will meet ARARs at the Point of 
Compliance without treatment In addition under currently expected land uses and agreed upon exposure 
scenarios there are no exposures to groundwater unless it surfaces in seeps streams or ponds The fast 
Landfill Pond will be removed and the drainage regraded to prevent seeps No Name Gulch is a losing 
stream year round so groundwater is not expected to surface in the stream (see response to comment 2 
for Executive Summary) In addition future development of groundwater will be prohibited by instrtutional 
controls 
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Response 

The comment asserts that the groundwater flow model should be calibrated to the average flow at the 
seep This assertion is incorrect the groundwater flow model is calibrated not to average conditions 
but to the conditions at one specific time March 1993 

The seep flow measurements as reported have a high margin of error AI1 measurements of the seep 
flow with one exception are visual estimates only Accurate flow measurement is difficult if not 
impossible because the seep location contains landfill debris weeds and multiple seepage points 
Estimates made during multiple site visits during 1994 and 1995 ranged from 1 gpm to 5 gpm with the 
majority of the estimates being between 1 and 2 gpm Dunng an extremely wet period in Apnl 1995 flows 
were estimated at 5 gpm 

Well hydrographs in the landfill vicinity show that high water elevations occur in the spring usually in Apnl 
These increased flows are due to increased infiltration following spring precipitation events Elevations 
before and after the peak fluctuate rapidly and low to moderate flow conditions exist dunng the majonty of 
the year The model is calibrated to water elevations measured in March 1993 which more closely 
represent low to moderate flow conditions dunng the majonty of the year rather than to the high flow 
condition which occurs for only a short time period 

In summaty the seep flow was used in the calibration of the model The model was calibrated using well 
head elevations and the reasonableness of the simulated flow at the seep was used as a check 
Adjustments to hydraulic conductivities and recharge were made dunng the calibration to adjust the 
simulated flow at the seep A simulated flow of 1 88 gpm is reasonable for March 1993 flow conditions 

2 5 Applicable or Relevant and Appropriate Comments 

Comment1 

Discussions regarding ARARs will require revision when other sections are revised 

Response 

Descriptions of ARARs throughout the report will be revised as necessary 

Comment 2 

Responsibility for determining compliance with the substantive requirements for permits is not clear DOE 
does not discuss interactions with responsible agencies The determining agency should be specified for 
all actions that will provide substantive efforts in lieu of formal administrative requirements 

Response 

OU 7 remediation and closure activities will be conducted in accordance with the Interagency Agreement 
(IAG) Part 18 of the IAG states that response actions conducted entirely on site are exempted from the 
procedural requirements to obtain permits However these actions must satisfy applicable or relevant and 
appropriate federal and state standards requirements criteria or limitations that would have been 
included in such permits In accordance with the IAG EPA after consultation wrth the State will determine 
the ARARs applied at the Site Substantive requirements for permits should be identified as part of the 
ARARs process and determined in the final IMARA DO or CAD/ROD therefore EPA will have final 
determination over whether compliance with the substantive requirements for permits are achieved 
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OU7 (DOE 1994) detailed the seven step data quality objective ( D W )  process that has guided decisions 
on data collection at OU7 The outcome of the DQO analysis concluded that 400 additional sediment 
samples would be needed to determine whether five of the PCOCs identified for East Landfill Pond 
sediments exceed PRGs However the decision was made not to collect these 400 sediment samples 
The text explains that 'for these five P COCs the sample means exceeded the guidance or 
recommendation to be considered (TBC) or PRG by at least one order of magnitude Given the 
magnitude of these exceedances it is not likely that additional data will affect the decision to remediate 
these sediments The text also states 'the available data already strongly support a decision to take 
remedial actions Therefore according to the seven step DQO decision making tool developed by DOE 
for OU7 400 additional sediment samples still need to be collected in order to determine whether PCOCs 
for the East Landfill Pond exceed PRGs The text should be revised accordingly 

Response 

Open space PRGs were used for the PRG screen in this report in accordance with recommendations from 
the Future Land Use Working Group (DOE 1995) and ASAP (Kaiser Hill 1996) 

The recommended alternative in the Revised Draft IM/IRA DO will include complete elimination of the East 
Landfill Pond and moving sediments under the landfill cap Therefore any potential risk from the pond 
sediments will be eliminated 

Comment 5 

Section 3 Page 3 35 Table 3 6 Although the reference for the particulate emission factor (PEF) value 
correctly cited as "EPA Guidance for Superfund Volume I Human Health Evaluation Manual Part 6 
(1991) the PEF value as listed in Table 3 6 is incorrect A PEF of 4 63E9 cubic meters per kilogram 
(m'/kg) is the default value provided in EPA guidance (1991a) and should be used in the calculation of 
particulate inhalation of surface soil The table currently lists a value of 4 63E10 m'kg * 
Response 

The value for the particulate emission factor (PEF) in Table 3 6 will be corrected to 4 63E9 m'kg, the default 
value provided in EPA Guidance for Supetfund Volume I Human Health Evaluation Manual Part B (1991) 

Comment 6 

Section 3 Figure 3 8 The conceptual site model for surface soils in spray evaporation areas should be 
revised to include off ice workers and construction workers who may also be exposed to surface soils 
through ingestion dermal contact external radiation or inhalation of particulates If construction or 
industrial activities could occur in these areas then it is necessary to evaluate exposure via these 
pathways 

Response 

The conceptual site model for surface soils downgradrent of the landfill will not be revised to include office 
and construction workers Exposure pathways for these scenams are inappropnate because neither 
construction nor industnal activities will occur in these areas based on recommendations of the Future Site 
Use Working Group (DOE 1995) and ASAP (Kaiser Hill 1996) 

Comment 7 

Section 3 Figure 3 6 The conceptual site model for landfill leachate at the seep should be revised to 
include construction workers who may also be exposed to seep water through dermal contact and 0 
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a Comment i o  

Page 7 4 Paragraph 1 The text states that cap will be graded in such a way as to force surface water to 
the perimeter of the landfill where it will accumulate in a surface water collection ditch and routed around 
the East Landfill Pond Figures 7 3 and 7 5 show that the eastern face of the landfill will consist of two 
relatively steep slopes (20 percent) that slope toward each other forming a valley in which a large volume 
of landfill runoff may collect 

The figures do not depict any structures or ditches that would prevent this flow from entering the East 
Landfill Pond Because the pond is in direct contact with the landfill this would increase the saturation of 
the landfill mass Measures to stabilize erosion from the steep eastern slopes and to divert runoff from the 
pond should be discussed in the text 

Response 

The recommended alternative for the Revised Draft IM/lRA OD will include complete elimination of the 
East Landfill Pond Erosion control measures along the steeper eastern slopes of the landfdl will be 
considered during the ntle II design effort when slope angles in this area are finalized 

Comment 11 

Page C 5 Paragraph 4 The text states that the model generated potentiometric map supports the 
conclusion that the groundwater intercept system is falling on the northern side of the landfill The 
groundwater intercept system was not correctly modeled on the northern side and was in fact left out of 
the model Therefore the model should not be cited to s u ~ ~ o r t  this conclusion . .  * Response 

In the model configuration presented in the Draft IM/lRA DO some drain cells were removed on the north 
side of the landfill and the remaining drain cells on the north side were input with lower conductance 
values than the conductance values used for the south side drain cells (see Table C 1) This configuration 
is correct if the groundwater intercept system is partially to fully blocked on the north side The potential 
for blockage exists from construction activities associated with the tie in of the small slurry wall on the 
north side of the landfill Other possible causes of blockage include activities during the construction of 
the intercept system and silting in of the drainage layer 

Whether the north drain is functioning is uncertain Modeling of the drain as described in the comment 
has been performed The fit of simulated heads to measured heads is acceptable but not as good as the 
fit presented in Appendix C (as measured by residual sum of squares) Because the fit is acceptable and 
the blockage of the north drain has not been proven the model configuration in the Revised Draft IM/IRA 
DO will include drain cells as suggested by the reviewer 

Comment 12 

Page 3 15 Paragraph 1 The text asserts that ARARs are used to create a framework for determining 
the health and nsk based limits for remedial actions and to develop remedial alternatives This statement 
IS incorrect The human health and ecological risk assessments create the framework for determining 
health and risk based limits and the resulting values may not be the same as ARARs The text should be 
revised 

Response 

The text will be revised accordingly @ 
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EPA 1991 b Conducting Remedial Investigations/Feasibility Studies for CERCLA Municipal Landfill 
Sites EPA/540/P 91/001 OSWER Directive 9355 3 I1 February 

EPA 1993 Presumptive Remedy for CERCLA Municipal Landfill Sites U S Environmental Protection 
Agency Off ice of Solid Waste and Emergency Response Directive No 9355 0 49FS September 

Kaiser Hill 1995 Modified Proposed Action Memorandum Passive Seep Collection and Treatment 
Operable Unit No 7 Final July 

Kaiser Hill 1996 Accelerated Site Action Project Phase 11 Predecisional Draft January 9 

September U S Environmental Protection Agency 1989a Risk Assessment Guidance for Superfund 
Volume I Human Health Evaluation Manual (Part A) Interim Final 

U S Department of Energy 1994 Final Work Plan Technical Memorandum for Operable Unit No 7 
Present Landfill (IHSS 114) and Inactive Hazardous Waste Storage Area (IHSS 203) U S 
Department of Energy Rocky Flats Site Golden Colorado 

U S Environmental Protection Agency Off ice of Health and Environmental Assessment Washington 
D C EPN600/8 891043 

tp\251071O\epacom doc I *  21 

I 



February 9 1996 DRAFT 

Colorado Department of Public Health and Environment 
Hazardous Materials and Waste Management Division 
Comments on Draft Phase I IWIRA Decision Document for Operable Una 7 
August 24,1995 

a 
Comment 1 

Section 1 3 (Page 1 4) Returning investigation derived materials to the present landfill has been 
approved by the Division and EPA This action should be mentioned in this document either in this 
section or elsewhere 

Response 

Returning investigation derived material from the Phase I and supplemental field investigations to the 
landfill before closure will be mentioned in the Revised Draft IM/lRA DD 

Comment 2 

Section 2 1 1 (Page 2 2) The specific solvents and degreasing agents that were disposed in the landfill 
should be identified along with any associated hazardous waste codes The Work Plan mentions 97 solid 
waste streams that contained hazardous waste or hazardous constituents 

Response 

Historical waste disposal records are not specific enough to identify the types of spent solvents and 
degreasing agents that were disposed None of the wastes disposed were recorded as listed" hazardous 
wastes Appendix A of the Final Work Plan Technical Memorandum (DOE 1994) contains available 
information on hazardous and nonhazardous waste streams disposed from 1968 to 1986 Appendix A is 
reproduced here as Attachment I 

@ 

Comment 3 

Section 2 5 3 (Page 2 26) Methylene chloride in the leachate samples was detected at nearly twice the 
rate as in background samples and the maximurn detection was five times the maximum background 
detection These data do not support the contention that these detections are due only to laboratory 
contamination 

Response 

For the Revised Draft IM/lt?A DD site data from 1990 will be omitted because these data are not 
validated At the seep methylene chloride is detected in 4 of 1 1 samples or 36 percent of the samples 
The maximum detection is 6 pgL  Methylene chloride was detected in 26 of 700 samples or 26 percent 
in the background data set The maximum detection in the background data set is 3 1 pg/L with 5 
detections equaling 20 pg/L or greater This data companson supports the contention that methylene 
chloride detected at the seep is a laboratory contaminant 

Comment 4 

Section 2 5 4 (Page 2 27) The sentence that begins at the top of this page is unclear and may need to be 
re written 
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user might be exposed at a seep or other surface water location For the Revised Draff IM/IRA DD 
therefore groundwater risks will be estimated using the maximum groundwater concentration in the 
surface water exposure intake equations for the open space receptor 

The unnamed tributary of Walnut Creek (No Name Gulch) is a losing stream year round based on the 
following three facts 

3 

A search of RFEDS for the four surface water stations below the landfill pond on No Name Gulch 
(S WO 14 S W111 S W 1 10 and S WO 15 from west to east) yields either no flow information or dry 
conditions Conversations with field personnel who sampled No Name Gulch during storm events 
confirm that no observable surface water flow exists 

Based on a detailed study of Woman Creeks surface water/groundwater interaction the location and 
subsurface geomorphology of No Name Gulch indicates the stream is a losing reach In the Woman 
Creek study the only reaches that either gained year round or seasonally were located at the western 
portion of the RFETS buffer zone and were adjacent to large pediments containing substantial 
subsurface flows The few isolated gaining reaches that do not meet the above criteria are fed by 
localized seeps and are spatially quite small A field survey indicates no substantial seeps flowing into 
No Name Gulch below the current landfill pond 

Two fully dynamic surface water flow models (including the EPA model Hydrologic Simulation 
Program Fortran) have also been developed for the Walnut and Woman Creek basins In some of the 
pervious land segments of these models subsurface and/or surface seep flow time series were 
required to be added to previous land segments to calibrate the stream hydrographs This addition of 
water to a basin indicates a substantial interaction of the reach with groundwater No external flow 
time series were required to be added to the pervious land basin containing No Name Gulch By 
inference this tends to support the conclusion that No Name Gulch is a losing reach 

Inhalation of VOCs is an incomplete pathway and was considered in the open space scenario 

Comment 8 

Section 3 3 4 3 3 5 3 3 6 3 3 8 ( Pages 3 7 3 8 3 9 3 12) What is the basis for the statement that 
'there is no flsk to human health from inhalation or incidental ingestion of or dermal exposure to leachate 
at the seep? A number of semivolatile and volatile organics were detected in the leachate and a 
qualitative evaluation regarding the possible dermal toxicity of these chemicals is not presented here The 
statement quoted above needs to be qualified with the phrase "for this open space receptor Otherwise 
the statement could be construed as being true for unrestricted use which is not the case This also 
applies to similar statements on the other pages noted above 

Response 

The statement 'there is no risk to human health from inhalation or incidental ingestion of or dermal 
contact with leachate at the seep is based on results of the PRG screen that indicate that contaminant 
concentrations at the seep do not exceed risk based concentrations for an open space receptor 

Comment 9 

Section 3 3 7 (Page 3 10) Compositing of soils is not an appropriate way to assess risk for an open 
space receptor since such a receptor is more likely to be exposed to just the upper surficial soils 
Cornpositing soils down to 10 inches also has the effect of diluting the exposure concentrations 
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b) constitutes a Hazard Index greater than 1 0 

2 If the media contains hazardous constituents that do not exceed human health risk levels continuing 
management as a non hazardous waste material may be necessary Management action is required 
if environmental receptors (groundwater surface water ecological receptors etc ) can potentially be 
damaged by the uncontrolled release of the contaminated media 

a) Surface water or groundwater containing hazardous constituents are compared to water quality 
standard attached to the applicable water use classifications (currently Aquatic Life Warm 2 
Recreation 2 Agricultural and Water Supply for surface water Domestic Use Agricultural Use 
and Surface Water Protection for groundwater) 

b) Soils and sediments containing hazardous constituents which may leach into surface water or 
groundwater at levels above the standard described above must be managed or treated 
appropriately 

Leachate will likely continue to contaminate various environmental media after the actions prescribed in 
this document have been implemented Until the surface watedgroundwater for instance no longer 
contains F039 waste at levels which present risks as described above a leachate treatment system will 
be required This will likely be beyond the life of the treatment system established by the Seep Collection 
and Treatment PAM and therefore this document needs to address such a system This issue will also 
require reviewing plans for the landfill dam 

Response 

Based on the future land use scenario (open space) the leachate contained in groundwater does not 
present an excess human health risk of cancer greater than 1 x lo" nor does it constitute a Hazard Index 
greater than 1 In addition although leachate will continue to drain from the landfill mass for several 
years there will be no exposure pathway for an open space recreational user because the leachate will 
remain in the subsurface and will not be discharged to surface water unless it IS treated 

Comment 14 

Section 3 4 3 4 (page 3 24) This section mentions that a contingency plan will be developed to address 
leachate and groundwater that do not meet MACs This contingency plan should be developed within this 
decision document 

Response 

The reference to a contingency plan will be removed because leachate treatment will be evaluated 
explicitly in the revised IM/lRA DD 

Comment 15 

Section 3 5 1 1 (Page 3 26) Because the landfill is an interim status closure unit the requirements in 6 
CCR 1007 3 9265 1 10 apply The closure performance standard requires that the post closure escape of 
leachate be controlled minimized or eliminated 

Response 

The referenced standard states that 'the owner must close the facility in a manner that controls 
minimizes or eliminates to the extent necessarv to Drotect human health and the environment post 
closure escape of leachate A focused risk assessment for the leachate showed no risk to human 
health An ecological risk assessment indicated unacceptable risk for direct contact Therefore in the 

tp\2510710\cdphecom d m  5 2/9/96 



Februatv9 1996 DRAFT 

Comment $6 

Table 3-8 (Page 3-37) The combfned adult and child expasure to su&WB &by hckkmtal tngestton has 
not been age avemgedover 3Qyeam Rattrer, the children's and aduft's risks have btmncafculblted 
separately EPA gwdance (RAGS) recam~lends age-twdmgtng, even thotqjh chkken's risks are then 
lower Thts is because of long lrttencies of sbime chemical 

Rwporrrre 

such 8% cmSqpWQ 
r 

t 

w 
The text m Section 3 wtll be revised to &IT& how hRA17s weresektdi 

Comment 18 

Table 3 21 (Page 3-63) The Colorado Hazardous Waste Act kr & CCR +W&7 &~&inekkl as an 
applicable ARAR -# 

Response - . . .  
1 9 

Thp rntenm status regulations and standards of the Colorado kkambus Wask, Act.havr, &en addsd tu 
the table 

Comment 19 

Sectlon 4 2 3 (Page 4-2) The institubnal controb menmned here inay need to be &magihe& wtth a 
comptiance order It I also unclear here in the text and ~n Tabte 4-2 
controlled 

haw water w e  will be 

h 



February 9 1996 DRAFT 

Response 

The text will be modified to include a compliance order A more detailed discussion of institutional controls a 
is in Section 5 

Comment 20 

Section 4 2 5 Section 7 3 5 and Section 8 2 3 1 (Pages 4 3 7 13 and 8 9) How many gas vents will be 
installed and how was this number determined7 Will a gas collection system require any piping in which 
condensate may collect7 

Response 

The number of gas vents will be determined during the final design effort The rationale for the number of 
vents and the handling of condensate in the gas pipes will be provided at that time 

Comment 21 

Section 4 2 6 (Page 4 4) This section states that vent pipes or gravel columns will extend through the 
cover and will be logical points for monitoring emissions from landfill Geonets are normally used for liquid 
drainage applications and are only on the order of about 4 to 8 millimeters The manner in which the vent 
pipes or gravel columns are attached to the gas collection geonet and then extended through the cover 
system should be addressed Also explain how the gravel columns will be prevented from acting as 
conduits for liquids 

Response 

The gas generated in the waste mass will generally consist of methane which will flow upward along 
pathways of least resistance until it reaches the gas collection layer where it will be channeled through the 
cover system by gas collection pipes These gas collection pipes will be placed at high points in the cover 
system 

Geonets and geotextiles suggested for the gas collection layer are more permeable than the overlying soil 
and FMC barrier layers Some infiltration of gas into the soil layer will occur but the majority of the gas will 
flow through the openings in the geonet and the geotextile The thickness of the geonet layer within the 
geotextile/geoneV'geotextile geocomposite does not greatly affect the composite s ability to transmit gas 

Richardson and Koerner (1987) list geonets and geotextiles suitable for use in gas venting systems 

The connection between the vent pipes/gravel columns and the geonet will be addressed in the Title I1 
design document 

It is anticipated that the majority of precipitation falling onto the landfill cover will either run off the gentle 
slopes evaporate from the top soil and vegetative layers or drain through the geocomposite drainage 
layer on top of the FMC Alternatives 5 7 and 9 are identical with respect to the drainage features above 
the FMC and HELP modeling indicates that the majority of the precipitation will be removed by these 
layers Of the moisture that penetrates these drainage and barrier layers and enters the gas collection 
geocomposite a small portion will likely drain downslope in the geonet layer however a larger portion of 
this moisture will drain through the geonet into the underlying geotextile and soak into the general fill layer 

Currently there are no plans to prevent moisture from entering the gravel columns however since the 
cross sectional area of these columns will be small in comparison to the area of the general fill the 
likelihood of moisture reaching the columns and the impact it will have on the overall water balance is 
reduced Once surface water has migrated through the cover section it will ultimately migrate into the 
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@ The top soil and vegetative soil layer specifications will be included in the Title I1 design document 

Comment 26 

Section 5 1 5 4 (Page 5 6) Geocomposites are a combination of geonet and geotextile and are not 
normally considered appropriate for gas collection Please see comment #21 above 

Response 

Richardson and Koerner (1 987) list geonets and geotextiles suitable for use in gas venting systems 

Comment 27 

Section 5 1 5 4 (Page 5 7 )  It is our understanding that the design which facilitates gas treatment will be 
addressed in the Title II design document 

Response 

Design of components of the gas collection layer that will facilitate future gas treatment will be included in 
the Title I1 design document 

Comment 28 

Section 5 1 5 5 (Page 5 7)  This section states that ’the general fill material can consist of almost any 
natural soil material General fill specifications must be addressed in the Title II design document 

I @ Response 

General fill speciflcations will be addressed in the Title I1 design document 

Comment 29 

Figure 5 1 This illustration indicates that part of OU 6 s IHSS 166 1 will fall under the Extent of Landfill 
Cap The text in Section 2 1 6 (Page 2 6) should clarify if this is in agreement with the investigations and 
decisions at OU 6 

Response 

IHSS 166 1 is covered by the OU 7 cap only incidentally The subsurface soil in this IHSS has been 
recommended for no further action Groundwater will be addressed in the Groundwater Sitewide 
Strategy The text will be clarified 

I Comment 30 

Section 5 2 7 (Page 5 11) This section states advantages of the Alternative 7 soil cover ‘The presence 
of the low permeability soil (approximately 1 E 05 cmlsec) gives the cover system some of the benefits of a 
composite cover without the rigorous installation requirements of a full compacted clay The barrier layer 
is an FMC with a permeability of approximately 1 E 13 cm/sec The gas collection system is designed to 
facilitate gas treatment if needed 

Calling a soil with a permeability of 1 E 05 cm/sec a low permeability’ soil is a misnomer Permeabilities 
of this magnitude are associated with clayey sand and silty sand soils These soil types are primarily 
coarse grained and tend to have significantly higher permeabilities than fine grained soil types 
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@ Response 

Risks to workers involved in remediation activities do not need to be evaluated in the IM/IRA DO because 
the site specific health and safety plan in conjunction with an activity hazard analysis will include 
information about site contaminants and specific procedures for personal protective equipment ana 
monitoring required for remedial construction 

Comment 33 

The potential for dust generation erosion etc during the construction mentioned under Short Term 
Effectiveness seem to be serious enough to warrant a greater weighting factor when evaluating 
comparative risks (Table 6 4) 

Response 

All seven CERCLA criteria are considered important The weighting factor attempts to take into account 
relative importance in order to compare the alternatives and choose the preferred alternative For 
example is short term effectiveness equally as important as long term effectiveness7 

As stated in Section 6 3 2 the primary concerns were dust generation and potential for erosion and 
subsequent sediment loading during construction The lower weighting factor for short term effectiveness 
reflects that both of these concerns can be readily mitigated using standard construction techniques for 
dust suppression (such as watenng) and erosion control (such as sedimentation basins) 

Due to the number of comments on this table it will be deleted 

0 Comment34 

Section 6 2 2 2 (Page 6 13) It is debatable whether the vegetative soil layer prevents punctures of the 
FMC by plant roots and burrowing animals Please see comment #25 above 

Response 

The dimensions given on the cover alternates are preliminary Further refinement for the design layer 
thicknesses will occur during the Title II design where issues such as frost burial depth evaporation zone 
depth burrowing animal depth and plant root depth will be specifically addressed 

Comment 35 

Section 6 2 3 1 (Page 6 13) It is debatable whether the installation requirements for the low 
permeability" soil would be less rigorous than those of a full clay liner 

The 1 foot lift thickness mentioned in this section may not provide sufficient cushion to prevent geonet 
damage or eliminate intrusion of adjacent materials into the geonet apertures during lift placement All soil 
layer material specifications must be addressed in the Title II design document 

Response 

Installation requirements for a full clay liner and a low permeability soil were discussed in Section 5 

Placement of soil materials over geosynthetics can be performed without damage to the geosynthetics 
with good construction quality assurance (CQA) monitonng and control 
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tests for that clay material 
chemical compatibility should not be a concern Even so if chemical compatibility testing is to be 
performed it would have to be performed on the low permeability soil also 

However the clay layer is proposed to be placed above the landfill waste so 

Response 

We concur that compatibility testing for a new clay material to be used for clay layer repairs may not be a 
major concern due to the fact that the clay layer is placed above the waste layer 

Comment 39 

Section 6 3 3 1 (Page 6 21) The text states that ‘the clay barrier in Alternative 9 is more difficult to 
construct than the low-permeability soil layer or the bedding soil layer due to required moisture 
conditioning and maintenance of exposed clay during construction 
also be subject to moisture conditioning and maintenance during construction 

The low permeability soil layer would 

Response 

We concur that the low permeability soil will require moisture conditioning during placement However 
the acceptable range of moisture contents for a given soil will be wider for a soil required to meet 1 E 5 
cdsec  than a soil meeting 1 E 7 cm/sec In addition the absolute moisture content of the soil required to 
meet I E 5 cdsec  will be less than the same soil meeting 1 E 7 cm/sec This is expected to reduce the 
potential for desiccation cracking and associated repair during construction Both of these factors are 
expected to facilitate placement compaction trimming and CQA monitonng activities (see response to 
comment 35) 

Comment 40 

Section 6 4 and Table 6 4 (Pages 6 23 and 6 28) Consideration of the previous two comments may 
have an effect in the comparative risk evaluation 

Response 

Due to the number of comments on this table it will be deleted However comparative nsks will be 
reevaluated to reflect comments and changes in the design as appropnate 

Comment 41 

Section 7 1 (Page 7 2) Where will the seep water be directed once it is collected by the gravel blanket or 
French drain mentioned in the second paragraph on this page? 

Response 

Based on agreements between DOE €PA and CDPHE the Revised Draft IMARA DO will recommend 
complete removal of the East Landfill Pond Vanous altematrves will be analyzed to address the leachate 
at the seep Options examined in Chapter 5 include active and passive treatment and discharge to 
surface water and groundwater Based on this evaluation it is determined that leachate must be treated 
prior to a surface water discharge Leachate discharged to groundwater will meet ARARs at the Point of 
Compliance without treatment 

Under currently expected land uses and agreed upon exposure scenarios which are consistent with the 
Future Site Use Working Group (DOE 1995) and ASAP (Kaiser Hill 1996) there are no exposures to 
groundwater unless it surfaces in seeps streams or ponds The East Landfill Pond will be removed and the 
drainage regraded to prevent seeps No Name Gulch is a losing stream year round (see response to a i 

&b 
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Comment 42 

Section 7 1 (Page 7 2) Leachate control daee not exceed reguldary fequ 
statement on the fourth paragraph on this page Mause the ban 
requirements in 6 CCR 1007-3, 130 apply ?Tie c b s u r e ~  
post-cbsure escape of leachate be controtted, mnimized or ehiRfnated 

dapb the contrary 

Comment 43 

Section 7 1 (Page 7 2) There wrli m 
E-- 

plans for futum development of grw 
i~kutrona l  con€r& mll prohibk d 

R ponse 7 
The text wI/ be rewsed 

*& J 

Comment44 b 

Sectton 7 2 1 and Smon 8 1- 12 (Pages 7-sand 8 6) The deedi n&atkmtnmthed hemmay not be an 
adequate insMutionaf control b tkr#t future dev-nt The S&?e ‘my 
development 

-- 

an md0r €&@it frfture - 

t 

comment 45 

Section 7 2 2 3 (Page 7-7) The text s$ates 7hb pmneebrHty of the bamer is lE-33 cm&c, whch 
IS lees than the permeability of mtud subsoils W the landfill ( t E 9  to I€* CnJSec) ” Howewer, t)Hs fhm 
flexible membrane IS subgect to dkage trOm gwwtruction ajkdphent a- d gettlement 

could sign#iintly mcrease Its permeability ””” 
Response 
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(even with a normally accepted number of defects) is considered much less permeable than a native soil 
with a permeability of 1 E 7 cm/sec 

As a point of reference we analyzed the leakage rate for the cover section for Alternative 4 which 
consisted of a single clay barrier layer with a permeability of 1 E 7 cm/sec (this could be considered 
comparable to the foundation soil with a permeability of 1 E 7 cdsec) The leakage rate was detemined 
to be approximately 1 in/yr This is compared to the leakage rate for the cover section for Alternative 7 
(FMC [with defects]) over a low permeability soil at approximately 2E 4 in/yr This indicates that the 
composite cover system has a much lower net permeability than a single soil layer 

Comment 46 

Section 7 2 2 3 and Section 8 2 3 3 (Pages 7 8 and 8 10) The selection of groundwater monitoring wells 
should be reviewed with RCRA Monitoring Program personnel This program recently proposed 
eliminating some wells from its sampling schedule or sampling on a less frequent schedule The proposed 
upgradient monitoring well 70393 apparently receives contamination from a further upgradient source 

Response 

The monitoring wells selected for post closure groundwater monitoring will be reviewed and revised if 
necessary for the Revised Draft IM/lRA DD Well 70093 is a more appropriate upgradrent well There 
are no organic compounds detected in well 70093 

Comment 47 

Section 7 2 2 3 (Page 7 9) See comment #13 above 

Response 

See response to comment 13 

Comment 48 

Section 7 3 1 1 (Page 7 10) This section says that maximum settlements may range from 2 9 to 5 5 feet 
Localized ponding of water on top of the cover will not be permitted Also see comment #45 above 

Response 

In general settlement is a function of waste thickness and waste type Several methods were used to 
estimate the amount of settlement at various points in the landfill cover Based on these evaluations and 
allowing for worst case settlements the cover system will have post Settlement slopes between 3 and 5 
percent 

We concur there is a possibility of local settlement that might result in localized ponding but we feel that 
this is remote due to the thickness of the general fill which will further consolidate the waste and 
components of the waste that reduce Settlement potential such as the construction debris component and 
the daily cover soil component Localized settlement generally occurs when biodegradable materials or 
containers located near the upper surface of the waste f111 deteriorate and collapse resulting in 
depressions at the surface However these localized settlements are observable on the surface and are 
relatively easy to repair 

m 
%OW 
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I 

5- % 

Comment 49 

ssct~on 7 3 1 3 (Page 7-to) Littte 

may be a cntlcal defictency 

IS pmvkkcl on esfabsishtng 8 Rwegation 
Dnpastefforts efforts both onsite and Wite have ese??t&#y failed and m%C& of a 

Sectton 7 34  (Page 7 13) Where will theseep water collected by the gravlelbtanks4.rrr~renchdfan be 
directed7 
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Response 

Based on agreements between DOE EPA and CDPHE the Revised Draft IM/lRA DD will recommend 
complete removal of the East landfill Pond Various alternatives will be analyzed to address the leachate 
at the seep Options examined in Chapter 5 include active and passive treatment and discharge to 
surface water and groundwater Based on this evaluation it is determined that leachate must be treated 
prior to a surface water discharge Leachate discharged to groundwater will meet ARARs at the Point of 
Compliance without treatment 

Under currently expected land uses and exposure scenarios agreed upon by the Future Land Use Working 
Group (DOE 7995) there are no exposures to groundwater unless it surfaces in seeps streams or ponds 
The East Landfill Pond will be removed and the drainage regraded to prevent seeps No Name Gulch is a 
losing stream year round (see response to comment 7) so groundwater is not expected to surface in the 
stream In addition future development of groundwater will be prohibited by institutional controls 

Comment 53 

Section 7 5 (Page 7 15) Slurry walls are problematic as evidenced by the need for further maintenance 
action on the present slurry wall To imply that all of the subsutface flow will be addressed by the 
proposed slurry wall is probably overstating its capabilities 

Response 

The text was not intended to suggest that 700% of the subsutface flow would be deflected by the slurry 
wall The text will be modified to clarify this point 

It should be noted that the slur/y wall primarily addresses flows due to the failure of the existing leachate 
collection system trench as discussed in Section 2 Modeling shows that there may be some flow at the 
slurry wall however based on as built drawings this is probably due to the fact that the wall was not 
consistently keyed into the bedrock Slurry walls are an EPA approved method of controlling 
groundwater and any slurry wall at OU 7 would be installed under a rigorous QNQC program 

Comment 54 

Section 8 (Page 8 1) If the single regulatory agency concept ( carve out ) is implemented then the 
substantive requirements of RCRA will still apply but the administrative requirements will not This 
distinction may change how the closure plan and post closure plan are administered 

If this document is to serve as the Closure Plan for all of OU 7 then a discussion of how closure 
requirements will be met for IHSSs 203 167 2 and 167 3 must also be included A rationale for no action 
at these IHSSs should be included in previous sections 

Response 

The carve out has been implemented and the document will be revised accordingly 

A discussion of how closure requirement are met for IHSSs 203 767 2 167 3 and the rationale for no 
action at these IHSSs will be included 

Comment 55 

Because leachate collection and slurry wall maintenance are considered essential to closure of the landfill 
and are elements of the presumptive remedy strategy these actions should be included with the 
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The Revised Dmfi / M A  DD wi8 not a$sume that the sluny wall and l a n d  treatment 
are performed &side of ihe sccgze b# h a  1A&M Altemtms that thmpuu?& the s&#'ywaH and 
leachate treatment w i ~  be evaluated a w a e  best a/tematme ~ ~ i e  -&-  he nrcaPnmerrded 
alternative will urclude all the mmssary conaoonents for 14s mpkmentetm 

Comment 56 

&#e b-a the tMrd pemgmph in* sedd%ould bg' Sectlon 8 1 1 (Page 8-3) ThedisGkmm 
m o d f i  to be consistent with comment 13 &me 

- 
z 

- 3  

a 

Response 
i 

7 -  

The dscussion wll be modified to &consistent bnth the mpm lo Comvnsnt 13 
P I 

Comment 57 

Slurry walls am an €PA apprwed methal of contmlhng gmu&w&r , fq&~&~datw?wo&- 
be installed WIZIBr a rigorous CWUC program. Meian 
w I1 would twquina measummt of back m& and 
I 2 imm or o m o n  of piezometers is 43 final desrgn questkm 713s cost of mtmitcnhg s h d d  be werghed 
against the benefits 

Cbnmlentss 

Sectlon 8 2 3 2 (Page 8 10) This text states that 9gmundwater 
water " What speclrrc controls wdl be in plaee ta p c W e  
test also conchrdes that no exposw~ to groundwater IS 
to surface water in No Name Gulch Is No Name Gufch s b s q  stmamjl4amwrsd7 

-" E 
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restrictions and/or state orders will prohibit potential exposure However screening level risk evaluations 
will be included in the revision 

Comment 59 

Section 8 2 3 2 (Page 8 10) The wells proposed here as points of compliance may need to be adjusted 
to be able to effectively serve that purpose given that a leachate treatment system may need to be 
installed as part of this IM/IRA document 

There will be no potential exposure to groundwater not because there are no plans for future 
development of groundwater but rather because deed restrictions and/or state orders will prohibit it 

Response I 
The revised Draft IM/lRA DD will propose points of compliance that are appropriate for the recommended 
alternative 

I The text will be revised to state that there will be no potential exposure to groundwater because deed 
restrictions andlor state orders will prohibit potential exposure 

Comment 60 

Section 9 2 1 1 (Page 9 6) Lack of an improved revegetation plan (see comment #31) may mean that 
habitat loss will more than temporary as stated in the fourth paragraph of this section 

Response 

As discussed in the response to comment 49 a revegetation plan will be submitted as patl of the fitle I1 
design document This plan will take into consideration revegetation problems experienced at other OUs 

References I 
Cedergren Harry R 1977 Seepage Drainage and Flow Nets Second Edition John Wiley & Sons 

New York 

Richardson Gregory N and Robert M Koerner 1987 Geosynthetic Design Guidance for Hazardous 
Waste Landfill Cells and Surface Impoundments Hazardous Waste Engineering Research 
Laboratory U S EPA Cincinnati OH December 

DOE (U S Department of Energy) 1995 Changes to the Site Wide Exposure Factors and Exposure 
Scenarios Letter from J Roberson (DOE) to S Stiger (EG&G) April 13 

Kaiser Hill 1996 Accelerated Site Action Project Phase II Predecisional Draft January 9 I 
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6UILDING 
no 

111 
123 
123 
123 
123 
125 
125 
125 
334 
367 
3n 
1cO 
460 
440 
440 
440 
440 
LLO 
440 
440 
440 
643 
446 
444 
453 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
IC0 
460 
460 
460 
460 
L50 
460 
460 
460 
460 
160 
460 

UASTE 
No 

06700 
03100 
03120 
02930 
03160 
02560 
02640 
02580 
07070 
06950 
09960 
01~00 
00120 
01460 
01110 
00390 
ooim 
O l l n r  
01480 
01UO 
01420 
00320 
11120 
11920 
11130 
23520 
23560 
01640 
23540 
23610 
02350 
02460 
23620 
02300 
017sO 
us10 
02290 
02480 
02440 
01650 
01830 
32280 
01630 
23560 
02270 
02310 
23550 
01370 
02390 

WASTE NAWE 

film p.cks and positives 

Waste vi8lS 
broken b8dges 

waste +sin 
uaste resin 
f i lters 
silicone oil filters 
kinriper 
mineral and asbestos dust 

oil  filters 
kiavrpes and rags from paint booth 
carporite kiauipe dnm 
fow triaaings 
cnpty paint cans 
metal chip dunpster 
R conpwnd 

kiaripes and rags 
kiawiper 8nd rags 
paint filters 
corrtaminated rags 
sst iron metal chips 
sum sludge 

metal chips 
metal chips 
a i r  filters 
metrl C’llPS 
metal chips 
metal chips 
metal chips 
metal chips 
metal chips 
metal chip comporrte 
metal chips 
metal chips 

metal chips 
water f i 1 ters 
water filters (x  ray) 
metal chips 
carpressor f i  ters 
ret81 cc\rpr 
mt8i chips 
met81 c h t p  

W t y  C U U  b8gS 8 d  COnt8lflWS 

kiwlpes and rags 

F I P W  COWlS 

ITN?tJl C8llpS 

metal chips 
f 1 lm packs 
mt.1 chips 

WASTE TYPE 

solid 
sol id 
$01 id 
solid 
sol id 
sol id 
Solid 
sol id 
sol id 
cnpty containers 
sol id 
solid 
sol id 
solid 
acpty containers 
solid 
Org8nlC 
sol id 
sol id 
sol id 
solid 
solid 

sol rd 
sol id 
metal 
met. 1 
Solid 
mt8 1 
mct.1 
nctal 
=tal 
metal 
nletrl 
att8\ 
u t a 1  
at81 
mt8 & 

-tal 
solid 
sol id 

so’ id 
metal 
nrt8l 
met a i  
OICt.1 
solid 
mt.1 

-81 

lart8l 

W T l T Y  GENERATIQY 
GENERATED UNITS FREWENCY 

50 lbslyr 
200 
100 

5 
100 

5 
5 

100 
200 
100 

5 
300 
600 
200 
100 

2000 
2660 
500 
500 
500 
300 
200 

1200 
200 

2 
0 
0 
0 
0 
0 
0 
0 
0 
0 

loo000 
0 
0 
0 
0 
0 

50 
0 
LO 
0 
0 
0 
0 

30 
0 

as occurs 
btth 
btch 
as rsquirad 
change mce/ye8r 

continuour 
89 appropriate 
asneeded 
po schedule 

a s m d r d  
continuour 
varies 
intermittent 
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h 

WILOuk lm. 

460 
460 
460 
a 
w 
ua 
46Q 
a 
460 
4M 
w 
4a 
460 
b a  
460 
460 
460 
460 
460 
460 
528 
540 
s62 
668 
705 
708 m 
771 
111 
771 
77s 
776 
776 
n b  
776 
n6 
776 m rn 
7aa 
881 
861 
881 
au6 
a86 
910 
w1 

....... 

.* 

. .* - 

li 100 

......... e 
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Table I 
Sol id Yaste Strew to Landf it 1 

(1986) 

BUILDING 
No 

111 
111 
111 
Ill 
111 
111 
111 
111 
111 
111 
111 
111 
121 
121 
123 
1 2 3  
123 
123 
123 
1 26 
126 
124 0:; 
12s __ 
130 
130 
130 
130 
130 
130 
130 
223 
33 t 
331 
333 
333 
333 
333 
333 
333 
333 
333 
333 
33: 
333 
336 
331 
331 
33L 
331 
336 
331 
331 ._ 

336 
335 . ~~ 

373 

UASTE 
NO 

06780 
06630 
06610 
OM20 
066m 
06660 
06490 
06670 
o6800 
06650 
06760 
06740 
04810 
WtM) 
02830 
03080 
03000 
02880 
03070 
01910 
00010 
00020 
00030 
01660 
02550 
02730 
07390 
07600 
07330 
07390 
07360 
07380 
o m 0  
06840 
06630 
06Uo 
06230 
06220 
06110 
06210 
06110 
o60110 
06200 
061110 
96130 
06150 
o6090 
07050 
07060 
07110 
06950 
072so 
07140 
07160 
07120 
07130 
om0 
11640 
00070 
001 10 
00060 

UASTE NAME - 
developer and fixer containers 
khip.. a d  rags 
toner ud dispersant containers 
wty developer ud fixer container 

solwnt contaims 

kiu ipes ud tags 
crpty ink c w  
kiuipes and filaprcks 
drainerat i ter  system f i 1 ters 
kiuipes ud rags 
ewpty chaical containers 
solid uaste 
gm patches 
waste resin 
batteries,metalwire used elec cornp 
cnpty vials 
waste resin 
kiwipes 
settling &sin sludge 
microstrainer brckwarh 
clari f ier d r f  Lou 
sand filter bKkrurh 
dried sludge 
k i n n p e s  
oil filters 
copy machine toner 
rejected hgs 
polaroid f i 1. backings 
kiruipas 
packing lnrterialr 
water conditioning f i l ters  
floor swceprngs 
conpressor oil  filter 
o i l  filters and used parts 
paint and body filler cans 
sh8vings 
s a w t  
filtcrs 
blast waste 

cnpty print cans 
scrapings 
ccnpty cans 
rags 
disposed cquipnnt 
ccapty paint c w  
Wood/pl8StlC ShaviWS 
floor scrap 
cthcr =tal bast9 
truacl residuc 
miscellaneous solid waste 
scrap mct.1 
fluorescent tight tubes 
used filters 
metat and silica waste 
fire extinguisher chemicals 
srmp sludge 
kiauipes and rags 
cnpty cans and containers 
mer81 chips 

clpty tQY? Cmt8in?S 

m t y  C8W 

UASTE TYPE 

apty  containers 
sol id 
eapty containers 
crpty containers 
apty containers 
apty  containers 
solid 
w y  containers 
solid 
solid 
sol id 
cnpty ccntaimrs 
sol id 
solid 
-0Us 
sol  id 
sol id 
sol id 
solid 
rqucour - 
.qucow 
rqucour 
sol id 
Sol  id 
sol id 
q t y  containers 
sol id 
sol id 
sol id 
sol id 
sol id 
sol id 
sol id 
sol  id  
sol id 
sol id 
sol id 
solid 
sol id 
cnpty Containers 
solid 
sol  id 
crpty containers 
sol id 
sol id 
sol id 
sol id 
sol id 
w'al 
solid 
metal 
metal 
Soltd 
Solid 
solid 

$01 id 
sol  id 
apty containers 
awt.1 

OUANT I 1 Y CENERATIOIl 
GENERATED UNITS FREWEWO 

10 lbslyr u needed 
240 cantinap 

100 as nmdd 

260 continour 

100 Urmd.d 

100 
100 IS Iw.dcd 
100 
50 cont1rwouI 
3 bltch 

500 Contlnuwl 
100 batch 
50 batch 

200 continuour 
500000 g.l/yr batch 
1-0 gal/yr B r  operotion 
15OOOOO gal/yr emtinuour 
lSooOo0 gal/yr internittent 

5000 lbwyr once/ 6 months 
too continuour 

intermi ttmt 
100 as needed 
200 uneedd 
100 as rmdrd 

100 intermi t tent 

3 2 per month 

3 1 per aonth 
10 3 p H - k  

12 3 6 p e r m n t h  

26 1 per nonth 

intermi ttMt 

5 

too 8S nndrd 

5 tuice per nonth 

1 
100 8s n.cdcd 

1 filter/2 years 
500 daily 
200 as needed 
100 d8i l y  
too as needed 
200 wrkly 

200 UlwIdcd 

1 00 as mdcd 
3a0 as nnd.d 
1000 as needed 
=00 as n o d d  
500 eontinus 
200 d8i l y  
503 
too ntemi ttent 
500 dar ly 
500 drily 

500 

190 1Ssiyr yearly 
200 as needed 

500 6 1  l y  

lS00 88 
100 8s nndrd 

200 8s Iy.d.d 

too0 as n8- 
2 as needed 

intern1 ttent 
200 gaL/yf 8L & 

100 IS needed 
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Table I 
Solid Uaste Stream to Ludf it 1 

(1986) 
I 

8UI LO I NG 
NO 

460 
160 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
160 
460 
460 w 460 460 

460 
460 
55 1 
55 1 
55 1 
560 
563 
662 
662 
662 
666 
6& 
664 
70 1 
705 
705 
705 
705 
705 
70s 
705 
705 
708 
709 
71 1 
712 
713 
732 
750 
750 
750 

UASTE 
NO UASTE nm 

01110 
01 loo 
ooc50 
01270 
23650 
23790 
012co 
OWKK) 
w 1 0  
23750 
01190 
01340 
01170 
01120 
00630 
01110 
23710 
23720 
01070 
00760 
01320 
01180 
00780 
o0980 
01010 
06320 
06310 
06300 
11810 
20580 
04040 
04000 
04030 
17500 
1-10 
1 n90 
17620 
20280 
20240 
20300 
20250 
20620 
20060 
20310 
20410 
1 0650 

20530 
20590 
20600 
15020 
09100 
09020 
09110 
09070 
ogodo 
OOOPO 
22570 
22650 

1 imo 

used kiauipcs 
used oil filters 
crpty containers 
kiwipn nd rags 
U r d  k f N l p e S  Nd r8gS (Ult) 
kiwiper 
apron filter 
bijur filter screen 
apty  containers 
used oil fitters 
turret res filter 
inline coolant filter 
kiauipes 

sl-e 
kinwipes and rags 
fila packs 
capty containers 
rough inline filter 

kiuipes and rags 

o i l  filter 
used kimuipes and f 
used kinwipes 
kiwi- 
used o i l  filters 

metal chips 
used o i l  filters 
Ketal cuttl~t 

sum sludge 
srnp sludge 
used filters 
kinwipes 
broken parts 
cnpty containers 
used rags 
solid waste 
solid waste 
kimipes 
mlishinQ mads 

U r d  kinwipes 8nd f 

Sway mint Cam 
kimipcs and darer 

aor dry 

oor dry 

ing resiba 

&tat and glass scraps 
kiawipes 
dunprter 

office trash 
s u p  sludge 
HEPA fitters 
srnp slWe 
,uap sludge 
sur@ rludp- 
trap sludge 
f i lters 
crpty tonor/developer Containers 
crpty fixer/dcvetoper containers 
kiaripcs 
microfilm wrapper 
crpty containers 
kinwipes 
rags 
cQnbOst i bt cs 

K l ~ l ~ S  

WASTE TYPE 

sol id 
sol id 
rclpty containers 
solid 
solid 
sol id 
801 id 
sol id 

solid 
sol id 
solid 
solid 
sol Id 
sol id 
sol id 
solid 
cllpty containers 
sol id 
solid 
sol id 
sol id 
sol id 
sol id 
sol id 
metal 
solid 
met81 
crpty containers 
sol id 
solfd 
solid 
sol id 
solid 
sol id 
cnpty containers 
sol id 
sol id 
sol id 
sol id 
solid 
sol id 
sol id 
sol id 
sol id 
solid 
solid 
sol id 
solid 
sol id 
solid 
sol id 
sol id 
crpty Containers 
ccnpty containers 
sol id 
sol id 
crpty containers 
sol id 
sol id 
sol id 

rrpty Cont8lnerS 

QUAWTlTY GENERATIOH 
GENERATED UNlTS FREQUENCY 

0 lk /yr  
0 

100 
165 
280 
40 

2 

100 
0 
2 
2 

100 
bo 

i 200 
165 
48 

100 
2 
2 

21000 
200 

2000 
350 

40 
1s 

300 
100 
300 
200 

4a 

200 
20 

200 
100 
100 
200 
500 
200 

1 
2 

100 
3 

20 
low) 

20 
200 
200 
LOO 
200 
200 
300 

3 
100 
100 
100 
100 
100 
365 

4 700 

1 to 2 years 
intermittent 
intomi ttrut 
cmtinwur 
as occurs 
d8i ly 
daily 
continuous 
d8i ly 

d8i l y  

as needRd 
6 1  ly 
continuous 
pm) sch.dule, 
varies 
var i cs 

vir i as 
onte per month 
intemi ttrnt 
as rwired 
interai (tent 
continuous 
intemi ttent 
I ntcmi t tent 

d 8 1  ly 

8S mckd 
8s nW&d 

IS n8dd  

varfn 

OCC8SlOMlly 
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